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SUMMARY 

A free-jet investigation of the perfon@nce of the.XRJ43-MA-3 ram- 

As part of this investigation the engine performance 
jet engine has been conducted in an altitude test chamber at the NACA 
Le&s laboratory. 
and rich blow-out limits of the standard engine, several step-flame- 
holder, and the, isentropic-inlet configurations were evaluated, With 
the standard engine configuration, which employed an annular TT-gutter 
flameholder and a single-50°-cone-inlet diffuser, the effect of yaw, 
diffuser rotation, and small changes in inlet and exit areas were inves- 
tigated. 
60,000 feet, angles of attack between&7O, inlet-air temperatures of 

of 2.35, 

The data were obtained primarily at altitudes of 50,000 and 

' 816O R (Miami hot day) and 740° R (Miami cold day), and at a Mach number 

Engine yaw of f 2 O  or a diffuser rotation of 45O with the standard , 

engine conf igura n had no appreciable effect on either engine perfor-, 
mance or rich bl out limits, Small changes in exit or inlet area of , 

the standard engine configuration did not materially increase the max- 
hm' thrust available. 
configuration, particularly at the higher pressure levels and fuel-air ' 
ratios investigated. 

Screeching combustion was present with this 

Because of the increased diffuser pressure recovery available with 
the isentropic inlet, this configuration afforded higher values of , 
internal-thrust coefficient and a wider range of f'uel-air.ratio, operating 
limits than the standard engine configuration (500-single-cone inlet). 
These gains, however, would be reduced measurably as a result of charac- 
teristically higher drag associated with isentropic inlets. The step- 
f 1Geholder configuration had higher rich blow-out limits and combustor 
pressure ratios than the standard engine Configuration. Thus, the peak 
net-thrust coefficient of the step-flameholder configuration was higher 
than that of the standard engine configuration, although the former oper- 
ated at lower combustion efficiencies. ' Unlike the standard engine or 
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isentropic-inlet configuration, the rich blow-out limits of' the step- 
flamehdlder configuration were nearly unaffected by angle of attack. ' 
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INTRODUCTION 

A free-jet investigation of the performance of the m43-MA-3 ram- 
jet engine has been conducted at the NACA Lewis labora%ory at the,re-' 

rl 
Q) 
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quest of the Air Research and Development Command of tbe U.S. Air Force. 
The investigation is part of the development program for the "Bomarc" 
ground-to-air interceptor-type missile. The interim "Bomarc" missile, , ' 

t o w a s  which this investigation was directed, requires engine operation 
over a range of flight Mach numbers from 2.2 to 2.7, at altitudes from 
30,000 t o  65,000 feet, and with inlet temperatures corresponding to 
Miami hot day and Miami cold,day. 
type, high thrust, rather than low specific fuel consumption, is of'pri- 
mary interest e 
'near-maximum thrust over an angle-of-attack range from - 4 O  to +4O and be 
capable of withstanding maneuvers to angles of attac.k of f 7 O  without 
combustion blow-out Lo 

Because the missile is the interceptor 
8 ' 

Engine specifications require the engine to produce I 

0 
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As part of the investigation, 'several variations in engine Orien- 
' Lation and configuration were evaluated. Because flight installations , 
were to be utilized with the diffuser orientated'in two different cir-' 
cumferential positions and because the diffuser innerbody is supported 
br struts, it was deemed necess&y to investigate the effect of diffuser 
rotation and yaw on the engine performance and rich blow-out limits. In 
references 1 to 3, wh$ch report the performan'ce of the standard epgihe 
configuration, the maAimum fuel-air ratio and, hence, the maximum thrust 
were found to be limited by diffuser instability and rich blow-out, 
,an effort to obtain a' quick fix that would extend the operational limits 
of the enkine and thdreby increase the maximum thrust, an exit nozzle 
about 2-percent lar hr and an inlet about 12-percent smaller than those 
of the standard engine configuration were evaluated. An inv6stigation 
was also made of the performance and operational limitslthat were obtain- 
able with more extensive changes to the standard engine configuration; 
naniely the use of step-type flameholders and an isentropic inlet. 
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It is the purpose of this report to compare the perforniance and rich 

blow-out limits of the various engine configurations andB diffuser orien- 

data were obtained at altitudes of,50,000 and 60,000 feet at nowinal 
inlet-ai* temperatures of 740' R and 816O R (Miami 'cold and. hot days ' 

ab:ove the tropopause at a Mach number of 2.35) over a range of, angles of, 
attack from +7O to -7'. 
for the standard ,engine configuration. 
the comparisons ,are presented in'graphical form. 

tations with the basic or standard engine configuration. Most of the , % '  
I .~ 
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All the data are given in tabula2 form except 
Only the data necessary'to make 
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Installation 

- The instahtion of the xRJ43-MA-3 ram-jet engine in the,altitude' 
test chamber is shown in figure 1. 
ture per pound of air) entered the plenum chamber at thb required tem- 
perature and pressure and passed through the various flow eiualizers, 
which smoothed the inlet profiles. 
desired Mach number by means of a supersonic nozzle. Part of the air 

into the test chaniber. A shadowgraph was used to observe the engine- 
inlet shock pattern, and combustion in the engine was observed through 
a periscope located downstream of the exhaust nozzle. 

Dried air (approx. 9 grains qf mis- 

The air was accelerated to $he 

entered the engine and the rest was bypassed througkl the jet diffuser T 

Angles of attack were simulated by pivoting the supersonic n 
engine centerline 5-in;hes upstream, of the co 

. ( I  

A photograph of 

I ,  

Engine 

the hea&duty water-cooled engine installed in the '' 

test chamber and a sectional view of the engine in the test chamber are 
shown in figures 2 and 3, respectively. The following table' s'bmarizes 
the various engine configurations and diffuser orientations investigated. 
The maximum nominal combustion-chamber diameter was 28 inches for all 
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Configuration 01: 

orientation 

Standard engine 

Standard enging 
(modified i n l e t )  

Stan&rd engine 
(modified e x i t )  

Standard engine 
(&Z0 yaw) 

Standard engine 
(450 diffuser  
rotation) 

Step flame- 
holder A 

Step .flame- 
holder B 

Step flame- 
holder C d 

' .  . .  

. .  
Step flame- *. . 
holdqr I) , 

Isentropic I n l e t  

I n l e t  
diff isera  

A0 
3 = 0*403; 
50° cone 
45O main 
longeron 

Same except 
i n l e t  is 
0.397 

'A0 
43 
- = 0,403j 

50' cone 
45O main 
longerop 

&me except 
00 main 

longeron 

A0 - = 0.493; A3 
50' &ne 
45O miin 
longeron 

I 

. I  - 
A0 - FF 0.43,a; A3 I S  

i sentropic 
459 main 
longeron 

FueL injection 
system 

!O fue l  nozdles 
t o  inner mani- 
fold,  16 fuel 
nozzles t o  outer 
manif old 

L2 f u e l  nozzles 
t o  inner maai- 
fold, 24. f u e l  
nozzles t o  out-' 
er manifold 

Same with outer . 
and inner . fue l  
nozzles moved '4" and * 1" 

downstre.akn 
respectively , 

Same with outer 
f u e l  nozzles 
moted $j" 
upstream 

a0 fue l  nozzles 
t o  inner mani- 
fold, 16 fuel 
nozzles t 4  out- 
er manifQld 

8 I '  

Flame- 
holder 

innular 
V-gutter 

ltep 
f l+ 
holder A 

ltep . 
flauie-' 
holder B 

ltep 

. 
ltep- 
flaw- 
holder ? 

innular 
%gutter 

I 

, *  
I ,  

Exit  

2 = 0.703 

Convergent- 
divergene 

2 = 0.719, 

Convergent- 
divergent 

43 

, ' %e so-called "main longeron" is the one Which houses the ' 
a i r  scoop for. the  turbine and the  fuel l ines  khat pass from the 
missile t o  the engine. 
longeron is measured in  degrees counter-clockvise from a.vex-' 

G I ,  t i c a l  centerline as viewed from upstream. It w a s  a mattex , I  
convenience t o  ro t a t e  the enqine only ahead of engine s ta t ion 96 
( j u s t  downstream of the flameholder) inasmuch as the combustion 
chamber and e x i t  nozzle are symmetrical. 

The circumferential location of t h i s  
' 

, ' 

A. \ 

I "  
, . I  

, .  I '  
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Inlet diffusers. - A photograph of the single-50°-cone-inlet dif- 
fuser is shown in figure 4(a) 
designed for an intercept Mach number of .2,55. 
isentropic-inlet diffuser is ,presented in figure 4(b). The projected I 

area of the inlet for this diffuser was 0.438 of the combustion-chamber 
area a 

Both the 0.403 and the 0.397. inlets were 
A photograph of the 

The innerbody was supported by three equi-spaced longerons, 
imately 1 percent of the engine air flow was bled overboard by an air 
scoop through the main longeron whose projected frontal area was less 
than the other two lobgerons. %is air is intendedtto drive a turbine 

, fuel pump in the flight engine. A grid, the purpose of which was' to 
improve the uniformity of the diffuser flow, was composed of two- 
dimensional airfoil sections, and had a blockage of about 38 percent. 
(See figs. 3 and 5.) 

Approx- 
CH im 
G '  

Flameholders and fuel-inJection systenls . - The 'fuel-system flame- 
holder combination used with all configurations except the step- 

, flamkholdes eonfigurations is shown schematically in frlgure 6. This ' ' ' 

fueX-system flameholder combination employed an annular Vygutter flame- 
holder having a blockage of about 52 percent (fig. 7) ; 
location of the flameholder is shown in figures 3 and 6*' The fuel. sysr 
tern supplied fuel through $wo manifolds, one which feeds 12 nozzles on ' 
the inner ring and'four pairs of nozzles mounted at a radius outslae the 

outer ring. 

flameholder confi&urations ig Shown in figure 8 .  s figure also ' I I '  

, *. shoh in figure All the step flameholders erf orated, outer '. ' .  

2 .  The axial ' 

I outer ring (figs e 5 and 6) e The other manifold feeds 16 nqzzle6 on the , 

0 )  
' ( I  

The. fuel-system flameholder c&bina,tions use; with all '-&e stnp- 

shows the axial cation of the flameholder and system. a fie' s,tep. * 8, ' 

flameholder for nfiguration B which $as about rcent dzockage is 1 0  , 8  

skirt.. &e per tions provided a means of coolink the skirt and,'also ', 
may have aided ,in suppressing screech. 
the step flamehc~lders, fuel w$s supplied through two'manifolds, one 
feeding 12'nozzles on the inner ring, and the other feeaing 24 nozzles * :  
on the outer ring. 

ntie-type (i.e.9, ' 

I /  In +the fuel system used"wi.th 
' 

' .  
. I  I ,  

I .  
. b  

, All the fuel nozzles were' of the, 'spring-loaded 
, variable area). A propane' ibitor was used for ib,i on and,was 

* a .  ,. in the trailing end of the innerbody. , ' 
I 1  . , *  

Combustion chamber and exhaust nazzle. - The combustion chamber 
a maximum nominal diameter of ,  28 inches and 'was water-ccjoled prom the , 

region of the flameholder to thk exhaust-hozzle-exit, A conyergiag-: 1 

diverging exhaust nozzle was employed having a minimum' area of 0.703, of,' 
the combustion-chamber area, except for the configuration where it 

, 

.' 0.719. , . .  

t ,  
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* ' Mr-flow calibrator. - In order to obtain an engine air-?low cal- 
ibrq%ion. and 'to determine the diffusei cold-flow pressure 'zecoveri 
the: engine bil pipe betwiaen engine s%ations 96 and 114. wars replac 
a .calibrator 'section 139 inches, long. A sectional v i e w  of the air 
calibrator is shown in figure 10. For this corifigura$i 
back pressure was varied by means of a butterfly valve. 
.st~eam' of the valve were provided to insum flat total-pressure 'grof i$e 
at the' exhatkt nozzle and thus allow accurate air-flow measurements at , 
4that station. !&q exhaust nozzle was always Choked. ~ 

" ,  ' 

1 

' ,  
InstruentatioB 

. *  
' * supersonic-nozzle inlet, station 0, (fig. 1). 

Tfie free-stream total pressure' and temperature were  peasdq 
me crossfsectional Tti 

'of the engine in figure 3 shows t k  locatjion qf total-ireskire insk 
mentation at stations 2 and 5 b During the, en.tire investigation, 'st& 

' wall taps ,were located throughout the length of the diffhser. 
configurations using the V-gutter f lameholder the .i;of,al pre'ssur 
,diffuser outlet was obtained from the rakeb at station 2. 
flameholders were installed, it was necessary to remove $he station 2' 
'total-pressure rakes. Therefore, for this portion of the,In 
diffus~er-outlet total pressure was,calculated using megsu 
flow and static pressure a-t the diffuser outlet (see appe 

Wiie 

All pressures were ,measured by mercury-filled manometers that were ' 

referenced to atmosphe.ric pressure 
ically recorded, and the temperatures were recorded by a se 
potentiometer. 
disp+acement electronic flow metess, which were Calibrate 
rotameters. 

Manometer readings were 

Fuel flow to each fuel manifold was measur 

',PRocEDm 

The fuel control of the 3-MA-3 ram-jet engine 
These modes are refe 
-pressure fuel inj 

, mode$ of operation during f 
ring- only, dual- pres sure 
inner-ring-only operation +he fuel is injected through the fuelaozzles . 
fed by the inner-ring manifold. At each flight condition, data'were 
usually taken at only a single inner-ring fuel-air ratio which corre- 
sponded t o  the nominal inner-ring setting for dual-pressure PualainJec-a 
tion. With the annular V-gutter flameholder this inner-ring fuel-air 
setting was either 0.033 or 9.037. With the step-flameholder corifigur- , 1 

ations, the inner-ring fuel-air ratio was set. at values from 0.021)to : 
0.025. With dual-pressure operation the fuel' flow to the inner ,manifold 
was held at the aforementioned values, and the over-all fuel-air*ratio ' . 
was modulated by varying only the fuel flow to the outer manifold from 

' 
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altitude of about 67,000 feet at both 2.35 and 2.50.Mach numbers. The 

' flow and manually yecording the parameters at blow-out' which were per- ' 

wed and the methods of calculation are listed i n  appendixes A and B; $ . I  I 

. . t  

# .  

respectively. 
t ' 

. .  
a .  

I <  
RESULTS AND DISCUSSION I: 

1 

G Two combustion.phenomena were encountered,throughout the investi-' 
' .  gation and will be discussed before considering each confaguration, 
individually. The first of these is combustion screech, which occuered 
primarily with the V-gutter,flameholder. Screech, which had a measured' 
frequency of about 700 cycles per second, caused no noticeable damage t o  + 

, 

CONFIDEIVTIAL 



1 '  

8 CO 

' .,the 'heavy-duty ebgine or its components. The: effect oi, screech on 
engine performance can best be discussed by considering what hapgens, 
to a pressure downstream of the diffuser grid as fuel Plow is chfinged 
Thls has been done in figure 11 where a schematic diagram of an XY I 

recorder plot is presented. 
flow f o r  essentially steady-state conditions. 
(low fuel flows) the combustor is not in screech (point A) ,  and'& fLae 
air ratio is raised, the pres'sure level in the engine increases,in a 
'normal manner. A fuel-air ratio is finally reached (point B) at which 
screech occurs, and almost instantaneously the pressure level,in',the'' 
engine rises to a higher level (poin't C) without a change in fuel-air 
ratio. With the combustor in screech a further increase in fuel-air 
ratio raises the pressure to a condition near blow-out (point D). A$ 
.f'uel-air ratio is decreased, the pressure in the engine retraces its. 
steps to point C. 
point, however, does not reduce the pressure :eve1 to point B. 
the combustor continues in screech, and the engine pressure level 
remains high until the fuel-air ratio is reduced to point E. 
condition the combustor screech ceases, and the pressure decreases to- 
point F, which is back on the original non-screech curve AB. Thus, at ' 

the intermediate fuel-air ratios two diptinct levels of performance are 
possible. 
which screech commences sometimes varies for identical inlet conditione 
resulting in occasional inconsistencies in the engine perfozkance and 
rich bldw-out limits. 

Pressure is shorn as a fubction of fuel 
At low fyel-air ratlos, 

, 

A furtEer reduction in fuel-air ratio below this ' 

. Instead 

At' this 

It also' might be poiited out that the fuel-air ratio at 

- .  
A second combustor phenomenon which occurred e 

step-flameholder configurations was called eombusti 
frequency of about 90 cycles per second. It occurr 
step-f lameholder c 
configuration's C a Combustion buzz generally occurred at fuel- 
air ratios above 
same discontinuous pnner that screech did, 
in high-amplitude obcillations in the diffuser nornial-shock system 
which at certain ednditions made the diffuser visually appear to be 

I subcritical even though the mean shock position was supercritical. 
further mention of this phenomenon, namely shock oscilletion due to 
combustor buzz, will be *de in later sections of this report. 

ively with the 
1 %  

ticularly with 
rations A and B and was largejy eliminated from 

did. not affect the engine p&rformance in the 
However, buzz did result 

A 

I 

Effect. of yaw, diffuser rotation, and variations of inlet 'and exit 
' 

areas on the performance and rich blow-out limits of the standard engine 
configuration. - Engine performance with dual-pressure fuel injection iB 
presented in figure 12 showing the effect of yaw, diffuser'rotation, and 
Small variations of inlet and exit area on the standard engine con- 
figuration at an altitude .of 60,000 feet on a Miami cold day at an ,angle 
of attack of Oo. 
successively from low to high values. Combustion efficiency, exhaust- I 

gas total pressure, combustor pressure ratio, tiiffuser. pressure recovery 

These data were obtained by iricreasing fuel flow 
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and nebthrust coefficient are ,presented as finctions of fuei-air ratioa 
* 

The cross-hatched bars in this figure indicate the fuel-air ratios at 
which screech began as fuel fXow was *increased, and the fuel-air-ratios 
at which rich blow-out occurred. 
(up to 2 O )  and a diffuser rotation, of 450 is negligibld except a% +2O 
yaw in the screech region, where the performance i s  slightly redUcE?d. 
Increasing the exitlarea ratio from 0.703 to 0.719 of the combustion- 
chamber area had no discernible effect on combustion efficiency at a 
given fuel-air ratio but did reduce the diffuser pressure recoveryaand 
' i n  the screech region reduced the combustor pressure ratio. The lower I 

pressure at the exhaust nozzle resulted in .a reduction in the net-thrust 
coefficient on the order of 0.02 to 0.03. This reduced pressure stems 
from the increased exit area 'while maintaining a constant inlet teinper- 
ature and air flow. 
the combustion-chamber area had no measurable effect on the engine 
performance. 

The data show that the effect of ypw 

DecreasTng the inlet area from 0.403 to 0.397 of 

Engine rich blow-out data for these same engine modifications and 
orientations for two modes of fuel injection are presented in figure 13 
where blow-out engine pressure recovery, diffuser pressure recovery, 

limits for several different inlet conditions are presented. Inasmuch , 
as the data at all inlet conditions shown in figure 13 show generally 
the same result, the discussion will center around' the data of figure 
13(a), which is for an altitude of 50,000 feet on a M i a m i  hot day with 
single-pressure-fuel injection. Within the reproducibili*y of the data, ' '  

the effect of' yaw and diffuser rotation on the engine rich blow-bt2t 
limits were negligible. Increasing the exit area or decreasing the 
inlet area general y raised the fuel-air ratio at wbich blow-out occurred. 
These higher blow- 
angles of attack. 
the blow-out fueldair ratios, the diffuser and engin? pressure recoveries 
at blow-out were &ot discernibly different from the s5andard engine 
configuration. This insensitivity of diffuser arid engine pressure recov- ' 

eries at blow-out to inlet- and exit-area Changes cantbe explained by 
the fact that blow-out resulta from subcritical diffuqer buzz (ref. 3). ' 

Thus for a given angle of attack, changes in inlet andyexit area would 
not be expected to affect the diffuser or engine blow-out recoveries 
even though an increased fuel-air ratio is required to drive the diffuser 
into buzz with a smaller inlet or a larger exits. 

and fuelyair ratio are'plotted against angle of at%ack. Rich blow-out 
, I  

' 

t fuel-air ratios were more prohnent at negative 
Although the above mentioned area\ changes increased 

The data of figure 13 also show that there was a marked change in 
blow-out fuel-air ratio with angle of attack, particularly with single- 8 

pressure fuel inlection at an altitude of 50,000 feet (figs. 13(a) and 

' 

(b) ) . The reduced effect of 
out shown in figure 13(c) is 
efficiency which accompanies 

angle of attack on fuel-air-ratio blow- 
primarily a, result of decreased combustion, 
an hcrease in altitude. 

I .  



The significance of the data shown, in figkres 12 and 13 may be * . 
First, diffuser rota- summarized by considering the data in two groups. 

tion. and small angles of ;yaw were found to have a negligible effect on 
both the engine performance and rich blow-out limits, ,Second, small, 
changes in inlet and exit area, investigated in an attempt to raise 'the 
maximum engine thrust, resulted in small changes 'in the engine rich 
blow-out limits However, extending these iimits did not, sizably (if 
at all) increase the maximum thrust, inasmuch as thrust is relatively 
constant with increasing fuel-air ratio in the screeching region.' 

, 

, .  

' 

flameholder configurations is compared for a Miami cold day 
pressure fuel injection in figure 14 where combustion efficiency, com-. 
bustor total-pressure ratio, and net-thrust coefficient are presented 
'as functions of fuel-air ratio. The data are for an altitude of 50,000 
feet at angles of attack of 4-40 and 4-70 and an-altitude, of 60,000 feet 
,at an angle of attack of 00, 
figurations,differed in flameholder details, and the axial location of 
the fuel nozzles varied for configurations C and D from that of the first 
two configurations, The cross-hatched,bars in this figure show the fuel- 
air ratio at which'combustor buzz was encountered as fuel-air ratio was 

8 hcreased, Those which are not cross-hatched did not encounter combus-. 
tor buzz. The bars also indicate the fuel-air ratio at which rich blow-' 
but occurred. 
air ratios is associated with very poor burning in the outer-fuel- 
nozzle zone at these fuel-air ratios. Except at low fuel-air r6tios at 
an altitude of 60,000 feet the combustion efficiency and net-thrust 
coefficient of configuration D were as good or better than those 'of the 
other three configurations, More significant however, is the improve- 
ment in the rich blow-out limits of configuration D'which permitted this '+ 

'configuration to 'obtain considerably higher maximum efficiencies and 
thrust coefficients than those possible with configura6ions A, B, and C. 
Thus at the conditions for which the data are presented, configuration 
D resulteia in maximum combustion efficiencies between 0.85 and 0.90,as ' 
compared with from 0.63 to 0.80 for the other three configurationsp ~ 

Similarly, the maximum net-thrust coefficients were between 0.80 .andi 
0.90 for configuration D as compared with from 0.55 tb 0.80 for con- 

, ' 

As indicated previously, the four con- 

The dip in the combustion-efficiency curve at low fuel- 

. 

I 

figurations A, B, and C. 4 

The maximum fuel-air ratfo at which data were obtained with con- 
figurations A and B are in some cases designated as subcritical in fig- , 
ure 14.' These data had lower combustor heat releases than other data 
obtained'with configurations C and,D, which were not desigmted sub- ' 
critical.. An. explanation of. this can be found in the previous, discus- 
sion on combustor.buzz which indicated that the normal sh&k system, 

' 

oscillated. This. results in the diffuser normal shock positioning it-. 
self instantaneously at points $2 higher recovery than the' steady-state 
values indicate. It is'doubtful if the inlet would have operated sub-6 6 

critically wfth configuration A and B, either transiently or stably, had 
it not'been for combustor buzz. 

, , 

1 

. 6 8  , I .  , I ,  
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Inasmuch as for all step-flameholder configurations 'the flamehover 
blockage and the engine temperature'ratio were almost identical, the ' 

combustor total-pressure ratio was the same for all configurations at a 
given fuel-air ratio. 
configuration D at the lower fuel-air ratios because the kalculated ' 
station 2 total pressure (diffuser outlet) appeared to be unreliable. 

. I  

Combustor pressure ratios &re not presented #!OF,';, 
1 

a 
1 Combustor buzz which was prevalent for configurations A and B was 

all but eliminated with configurations C and D. 

at high fuel-ais ratios with configuration De 

No screech was en- 
3 countered with the step-f lameholder configurations except inconsistently '' 

I 
4 8  

G 
Typical blow-out limits of the stepflameholder configurations are 

presented in figure 15 for an altitude of 50,000 feet, on a Miami cold 
day, and dual-pressure fuel injection Configuration D had marked I 

superiority over the o$her three conf iguSatbns having blow-out &el-air 
ratios ~f about 0.01 higher 'than the best of the other three configur- 

, ,ations. Within the accuracy at which blow-out data were obtained, the 
diffuser and engine pressure recoveries at blow-out for configuration 
D were approximately the same9as those of the annular-y-gutter- 
flameholder configuration (see fig. 12) a 
configuration D, the blow-out resulted from inlet instabilities .( dif- 
fuser buzz) as did those of the V-gutter-flameholder configura-bion. 

o seem to be directly attributable to rich combustion blov-out. 
as iadicat'ed previously, shadowgraph films revealed tbe podsibility that I 

combustor buzz' in the case of configurations A and B add rough burning , ' 

(a less noticeabld buzz) in the case of configuration C resulted in a 
pulsating n o m 1  4: ock system which may have init 

. hgle of attack had only a minor effect on the b 
for all the, conf iprations . 

a!d 

This would indicate that, for 14" 
N 

0 ' The' A 
Q ' blow-outs of the other'three step-flameholder configurations would then 

However, 

diffuser buzz at 1 

'measured steady-sfl 2 te pressure recoveries below ' ormally expected.. 
fueltair ratios 

' ' Compdrtson of the performance uf the i$en&pic-%&ket diff'user'and 
the 50O-single-cc)ne inlet. - The maximqm diffuser prerl,sure.recovery'.~a',,,l 
critical air-floy ratio as funct.ions of angle of at+ck for ,the ds,en- 

SO0-single-cone inlets are presented in figure 161 ,,These . 
esent values obtained from hired &$a curves. -The critical 

air-flow ratio is defined as'the' ratio of ac%ual.air flow at the: diP'fiBe 
'inlet to the maximuq air flow deltermined,Srom the projected cow$-klp' . 
area and free-stream conditions at the Maah number in question. The 
isentropic .inlet had a peak diffuser pres.sure recouery of from 0.10 to , .  

1 0.13 higher than the 500-sing 

, .  
6 '  , '  4 

' , I  * 

cone inlet depending on., the angle of " 
, ', attack. However, the critica ir-Plow'ratio of the isentropic i , ( I .  . 

,. was about 0.04 less than that the 500isingle-conk ,inl&t. !Chis , c- 1 , 

tion in qritical air-flow ratio ('increased spillage)' for the isentrogic 
* inlet will result in an increase in the diffuser bag.  
critical air-flow ratio were the same for' the two inlets, the' 

' ," , '  

Even if the *. ' 
1 .  

CONJFIDEmTIAIJ 
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isentropic inlet would have greater drag due to the increased pro- 
area of the cowl lip that is necessary to accommodate the, 
sed flow angles associated with this type of iplet. The Mach- 

qumber distribution at the diffuser outlet for the isentropic-ihlet 
diffuser did not differ greatly from those for the 50°-single-cone- 
inlet diffuser, . 4 '  

) .  . . 
' Experience gained during the investigation. indicased khat, at 

angles of attack greater than 40, the isentropic ,inlet had only 'a small, 
margin of' st9ble subcritical'operation as compared to .that for the 500- 

t single-cone inlek. 'In addi%ion, once this smil y g i n  of stable pger- 
,ation was exceeded, the recovery of the isentropic Inlet decreaskCL dis-'s , 
continuously to very low values, while in the case of the single-cone ' 

inlet even.though diffuser buzz mi&t be encounterkd, the gverageeyal- ' 1  
I ,  , 1  I (  

, ues of pressure recovery remained relatively high. , , I  I ,  

Comparison of the engine'performance aid rich ,blow-out limiks'aqf 4 

the standard engine, step-f lameholder D, and isentropicsinlet *config- 
arations. - A comparison of the engine performance of 'the standard. ,I. 
engine, step-f lameholder D, and, isentropic-inlet configurations is, $re 
sented in figure 17 where combustion efficiency, diffuser pressure I . 

, recavery, combus'tor total-pressure ratio, and net-thr'ust 'coefffcient 
are shown as functions of fuel-air .ratio. The data are presentedfor 
a hiaiui cold day with dual-pressure fueL injection. 'The data of .fig-. 

, '  sure 17(a) were obtained at an altitude of 80,000 fee at, 00 angxe of' 
* attack, while the data of figure 17(b), were obtained t an aJ,titude of ; 
50,000 feet at a +4-O angle of' attack. 

,$ 

' 

. I 

' 

* .  
I I .  , 

1 * 

In general, a given fuel-air ratio the comb!rstion efficiency, 
1 diffuser-pressure ecovery, and net-thrust coeff icb@4pt* were highes't 

.the isentropic-idet configuration and low'est for tl$? step-f lameholder'. 
configuration. 'QE. higher net-thrust coefficient ob$ained with the . I 

' isentropic- inlet i'configuration was due to increaFe   it^ diffuser-pressuie 
* recovery attained with.this type of inlet. The step-$'lameholder C O Q - ~ ~  

fidration had the highest combustor total-pressure ratio of the twee' 

holder. Even though the net-thrust coefficient 'of the standard engfne; 

' 

. ,, 

' 
. configurations, due pr-rily 'to 'the redwed blockage of the steg flame- ,, ' 

configuratioa was generally higher at a given fuel-air ratio than that 
of the step-flameholder configuration, the peak net-thrust coefficient 
of the latter configurhtion was higher due to its increased rich blow- " 
out liat and combustor pressure ratio. 

' The rich blow-out fuel-air ratio and engine pressure recovery of 

The data 
the three configurations are,compared in figure 18. 
obtained at an altitude of 50,000 feet on a Miami cold day. 
are for single-pressure fuel.injection except for the step-fbzneholder 
configuration which was taked with dual-pressure fuel injection. 
ever, the data are considered comparable inasmuch as the blowouts for 

These data'were 

, 
How- , ', 

CONFIDENTIAL 
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a thiq configuration all occurred at a fuel-air ratio of about 0.07, wpich, 
would give approximately equal fuel pressures in both :the inner, and out-. 
er manifolds a 

flameholder,configuration have approximately the same'blow-out fuel- 
At 00 angle of attack the standarq engine' aria the s%ep- ' , ' 

, , air ratio while the' isentrosic-inlet configuration ,has a limit spmewha? 

a2r-ratio for the standard engine configuration similar to 'the data of 
figure 12,' at angles of attack of &ao the standard' engine .fuel- 
at blow-Qut I s  considerably less than the' other two configurh-ti 
are about equal. The blow-out 'limits are least'affected by angle ,of 
attack for the step-flaxheholder configuration while in the cgse of %he"'.', 
standard engine configuration a reductipn of over 0;OZ hi blow-out'fuel- I '  

.air 'ratio ,occurred as angle of attack was changed from 0' to d 7 O :  ' . 

,higher, 'With the assumption of a symmetridal curve of blow-out fuel- $ 4  

I 

w 

a .  r" 

. 

CONCLUDING REMARP 

'The free- jet performance of seyeral configurationp 
'ram-jet engine were obtained in an altitude test chamber ,at the*'NACA 
Lewis laboratory. Data obtai,aed with athe standara, engipe eo 

' at k2G yaw and with the diffuser, rotated 45O showed.'tbat' the 
had .litt*le or no effect on the performance or rich, blow-out li 
the standard engine configuration. 'Increasing the exit aria. 
ing the inlet area of this same configuration resulted'in on1 
improvements in the engine rich blow-out limits. 
not appreciably increase the maxfmum thrust attainable inasmuc 
is relatively constant with increasing fuel-air ratia pear.the 

' 

rPhese impr 

' blow-out limit * a  

' The comparison of an isentropic-inlet diffuser5to the 50 
inlet diffuser shdwed that the diffuser pressure re;*overy cou 
*improved Prom 10 t o  13 points although the critical air-flow ratio 
declined about fqhr points; however, the gains in diffuser reedvery 
may be offset by 'increhsed drag (due partly to the de,creased ',critical- , 

6 ,  

air-flow ratio). *.  1 3  

* I  

' Comparison of the threk miin configurations indicates that the ' , 

isentropic-inlet configuration had the highest peak net-thrust koef- 
ficient and the standard engine configuration the lowest. The step- 
'flameholder configuration had higher rich blow-out limits an8 combuskor. ' 
pressure ratios than the standard engine configuration, but it oper-, 
ated at lower combustion efficiencies. 
flameholder configuration, which essentially eliminated combustor 
screech and buzz, had rich blow-out limits that were far less sensitive 
to angle of attack than the other two configurations. 

, , 

' 

In addition, the step- 

' 
I 

. .  
a 8 ( 1  

* '1 

Lewis Flight Propulsion Laboratory 
National Advisory Committee for Aeronautics 

Cleveland, Ohio, 'August 26, 1955 . .I 
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' APPENDIX I B 
D 

ME@EfODS OF CAICULATION 

Engine air-flow calibration. - The engine a+r flow,was determined . 
during' nonburning conditions with the air-flow calibrator (refs. 1 to 3) 
from the equation 

I 

F r m  ' inf ormati 
tests, a ndzzle-disc 

= 2.996 square 
flow operation 

Duri'ng sltlpercritica 
+ i t  'constant at a gi 
Mach number. The 

* ,these parameters a 
. '  

1 .  

9 ,  

' Engine air flow& Engine air flow'd 
calculated from the values of TO and 
tbt were determined, during the air-f 
,Little data were obtained in the subcritical operatisg 
$then the margin was quite small, no corrections in the,'&,as-fkow con- 

4 stants were assumed for subcritical aiffusek. operation. 1,: 
, /  

I ,  I *  

Diffuser-outlet total pressure. - In the case's where it wa 
sary to calculate a dif fuser-outlet total pressure (stepflameholder 
conf igurations and other configurations when they were c o m e  
total pressure was calculated at engine station 72 using khe e 

{ I  

, 

I ,  

. .  COarPIDENTIAL 



, I  

where Mach number was obtained from the following relation 

= 

Inlet mass-flow ratio. - 'me inlet,mass-flow ratio was calqulat 
to present the diffuser perfohance. 
overboard to simulate %hat used by the air-turbine-driven fuel php in 
flight. 
engine air flow, so that 

A small quantitypf air was ble 

Th6 air bleed was determined to be about one'percent of, the 

wa 5 2- w - 0.99 I 

I 
+ *  

1 
, 

1 ,  

J 
0 Since * '  

I 

I 

, I .  where values of' 

I 
I '  , .  

'* ' 
, '  

' , . *  
I ,  , * I  

= 9/7, and Ca,+ = 0.975. 

I 

y5 vhere A = 2,996 square feet 
5 .  ' 

' I  

, CONFIDEEPIAL 0 
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Combusfion efficiencyi - The combustion efficiency ;was define8 as, , , 

* .  

' wdere ,' &Tideal was obtained 

N e t - t k s t  coefficient ., 

from reference 4, Top and the fubl-air' 
/ .  
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TABLE I. - PERFORMANCE OF 1 

1 ,  

ha) Standard engine (yawp 

I 

Single-pressure 

(b) Standard engine (yaw. 

Run 'Altitude. Angle of Free- Free- Diffuser- Exhaust- Inner- Outer- Total lcwbustor Inner- Outer- 

& temper- pressure, pressure. pressure, flay, flow, wr,  wa,5. , patio. ratio,  

It attack, stream streem outlet  . nozzle ring ring fuel c r i t i c a l  ring ring 
to ta l  to ta l  to ta l  to ta l  fuel h e 1  flow. all. ilow. -1-air fuel-ail. 

ature. PO. p2. ~i.i* Wf.0. lb/sec lb/sec wr.dwa.5 wr.dwe.5 
1b l b  TO. - Ib lb/sec W s e c  

OR su rt sq r t  abs sq rt ab0 

I Inner-ring-onl~ 

1 60,000 0 738 2033 1022 836 1.01 0 1.01 27.34 0.0369 0 
2 4 736 2041 995 828 1.01 0 1.01 27.41 .0368 I) I 

(0) s t a n k  engine (modlrlad 

Rae-  Free- Dlrfuser Exhaust- Inner- Outer- Total 6 CIWbu&or Inner- Outer- 
atream streaa outlet  nozzle ring ring. fue l  or l t i ca l  ring ring 

to ta l  to ta l  t o t a l  to ta l  fuel fuel flow#, a l r  flow, fuel-air  fuel-air 
temper- preasura, pressure, pressure, flow, rlw. up, ratio,  ratio,  

PSI wr,i* *f.o, lb/aeo lb/sec Wrdwa.5 mr,dwa,5 ature,  Po. p2 * 
TO* l b  Ib lb/aec lb/sec 
OR 

. t  
sq rt abn sq it abs , aq it abn 

Inner-rlng-onD 

1 60.MH) 0 736 2053 1014 819 1.01 0 ' 1.01 27.65 '0.0365 0 
4 736 2041 980 802 1.00 0 1.M) 27.41 .0365 0 1 

DuQl-ore(IsUce 

~ 11 10 

12 

2040 

1061 
1172 
1251 
1374 
1390 
1384 

1069 
1167 
1229 
1290 

870 
975 

1054 
1113 
1126 
1126 

875 
976 
1028 
1071 

1.01 1.66 
1.01 1.77 

1.01 1.17 
l.M) 1.33 

27.49 . 
27.22 
27.40 
27.51 

27.41 
27 .41 
27.39 

I Single-pressure 

, 



Combuetion I Net thmurt Cm= 
efficiency, cw+icient. remar& 

0.0369 
.OS68 

. 

0.388 0.503 0.411 0.818 1979 0.551 0.316 No screech Supercritical 1 
.e32 1932 .514 .SO0 No screech Supercritical 2 .386 .486 .406 

fuel injection 

0.0565 0.408 0.504 0.413 0.819 1988 0.542 ' 0.320 No screech Supercritical 1 
.OS75 .380 .499 .411 .a29 1975 .525 .315 No dcroech Supercritical 2 

fuel injection 
0.0438 0.360 0.551 0.455 0.827 2379 0.610 0.458 No screech Superc itical 3 

.a35 2756 1689 
.676 , 6 .0485 .336 .592 .494 ' 

.OS35 .310 I .625 .523 .838 3056 .I44 
.e23 3362 .I99 .177 Screech Subcrttlcal 6 

.I82 Screech Subcfitical 7 
.OS98 .275 .674 S 5 5  
.0625 .258 .673 S 5 6  .e27 3349 . I83 
.0432 .342 .544 -450 .828 2334 .599 .444 No s reech Supercritical 8 

9 
e 10 
11 

.0489 .310 .583 .489 .e39 2701 .672 .567 

.OS41 .291 .615 .511 .841 2981 .720 .651 

.OS80 , .so5 .640 ,535 .e35 ' 3165 .750 .I15 

.sa1 f . !  

1 1 1: 
fuel injection 

' 0.0761 0.289 0.676 0.554 0.819 3459 0.795 0.766 Scriech, Subcritical 12 
.0615 303 .666 .553 .831 3620 * .a55 .765 Critical' I3 

Critical 14 .0681 .282 ,680 3 6 4  .as0 3684 , .a56 .a00 

0.0709 
.0612 
.0658 
.0518 
.0618 

-2O); flight Mach number. 2.35 

0.282 0.694 0.575 0.829 3786 0.886 0.835 Scrrh , Crit~cal 14 
.289 1668 .,.561 .a39 3710 .884 * .I90 : 15 
.288 .683 .SI1 .as5 3793 .e93 .e21 16 
.301 .635 .S28 .830 3448 A74 .691 I 17 
.305 .664 S 5 2  .e31 3658 -865 .766 18 

0.0365 0.404 0.494 
.OS65 .401 .480 

0.399 0.808 1946 b.522 0.299 No screech Supercritical 1 
,393 .818 1899 S O 4  .282 No acreech Supercritical 2 

exit); flight Ylach number, 2.35 , '  

J 
0.0133 0.381 0.526 0.431 0.820 2225 0.559 0.403 No mcreech Supercritical 3 

4 

Subcritical 6 

.0478 .342 .571 .475 .a32 2616 .672 349 
-0538 .313 A12 .515 .843 3127 . .a00 .680 

.a04 7 

.Bo0 a 
398 No screech Supercritical 9 

10 

*792 

5458 .a21 
.a10 .Boa 

.791 
'8w 3456 

.0610 .260 .679 S50 

.OM6 .245 .683 .553 

.om .z48 , m a  .552 .814 3410 

.Ob27 .367 324 A29 .e19 2217 .559 

.0485 .330 .si1 .47a .a36 2715 .680 S 5 8  

1 5 

z 
I 

i :: .OS29 .322 .MI2 .503 .e31 2976 .723 .643 I 
.os84 .sa3 .632 .525 .e30 3186 .752 .712 

ivel lnfeetlon 

0.0164 
.OS08 
.OS29 
.os38 

0.317 0.661 0.527 0.798 
.M8 .664 3% .eo4 3364 d l 3  14 
.2aa .665 ,538 .BOB 3394 .a61 
.297 .648 5 2 0  .El6 3216 .a12 '.725 Sora ah 

flashing b\ur 



0 
e 
I) m 
e 

738 2048 1105 
2 736 2038 1190 

736 2041 1364 

736 2044 1394 

740 2039 1115 
7 739 2042 1169 

123a 

1 60,000 

3 

5 

6 

1261 
10 739 2042 1278 

8 
s 

4 79b 2045 1387 Y 913 1.00 0.18 1.18 ' 27.11 0.0369 0.0066 

1128 .99 .48 1.47 27.05 .0366 .0177 
1142 1.02 -59 1.61 27.11 .0376 A218 
1153 1.01 .69 1.70 e7.09 .0373 .0255 ' 
920 1.00 .18 1.18 26.88 , .0372 .0067 
975 .99 .31 1.30 26.94 I ,0367 .0115 
1030 ' l.00 .43 1.43 26.92 .0371 .OXO 
1050 1.01 .48 1.49 27.01 -0374 .0178 
1068 1.00 .53 1.53 26.94 .0371 .0197 

999 1.00 .33 1.33 27.01 .0370 .0122 , 

e 0  e o  
0' e . .  4 0 .  

e m.. e 0 
b .eo e e 

o e  .e 
c 

* 
0 . * 

e. . 
e . 

a n  
1 '  TABLE I. - Continued. PERFORMANCE 

( d )  Standard'engine. (45' diffuser , 'g " 
* I  G 

Inner -ring-only 

Diffuser- 
outlet 
total 
pressure, 

'2 8 
lb 

sq ft abs 
I I I 

1 60,000 0 742 2042 1040 844 1.02 0 1.02 27.39 0.0372 0 
2 4 739 2041 1027 834 1.01 0 1.01 27.36 .0369 0 
3 7 738 2039 1022 835 1.02 0 1.02 27.09 .0377 0 

Dual-nressure 

1.01 
1 .oo 
1.00 1 ;::: 0.16 1.17 27.44 O.OJ68 0.0058 

.32 1.32 27.49 .0364 .0116 

.48 1.48 27.43 .0365 .0175 
.65 1.65 27.50 .0364 .0236 
.80 1.80 27.44 .0364 .0292 

.15 1.15 27.32 .0366 .0055 

.33 1.32 27.31 .0363 .0121 

.49 1.48 27.34 .0362 .0179 

.58 '1.58 27.37 .0365 .0212 

60,000 737 
734 1 ;;: 

1 
739 
739 i 2: 
738 
738 

2039 1104 907 
2038 1203 1005 
2037 1297 1094 
2043 1408 1153 
2039 1399 1153 

2036 1111 981 
2037 1208 1017 
2039 1284 1075 
2038 1320 1105 

4 
5 
6 
7 
8 

9 
10 
il 
12 

13 
14 
15 
16 
17 

1.00 
.99 1 1::: 

.12 

.22 

.32 

.39 

.46 

.0044 

.0081 

.0118 
,0144 
.0170 

894 
952 
1003 
1028 
1057 

1.01 
1.01 I :::: 
1 .oo 

1199 
2040 1233 
2038 1269 

~ 

Single-pressure 

18 
19 
20 
21 
22 
23 I 50.000 3276 2032 

3275 2095 
3271 
3267 1 %: 
3261 2184 
3269 2191 ' 

1647 
1705 
1752 
1791 
1812 
1816 

42.26 ------ 
42.24 ------ 
42.22 ------ 
42.06 --_--_ 
41.96 ' _--_-- 
42.09 ------ 

1.83 

2.63 
2.80 

I __._ _ _  I I -  I - 1 1 

( e )  Standard engine (modif led A 

Dual-preasure 

2027 1674 ---- 
' 816 3297 2110 1754 ---- 
810 3289 2l50 1789 ---- 
816 3269 2181 1819 ---- 
817 3285 2205 1828, ---- 

16 
17 

19 
20 

in 



22 c 23 
I 

,OF SEVERAL ENGINE CONFIGURATIONS 

rotation); flight Mach number, 2.35 
4 

0.0372 0.411 0.509 0.413 0.812 2010 0.540 

3 
.0369 .413 ,503 .409 .e12 1968 .525 .309 
.0377 .393 .501 .410 A17 2005 .535 .320 

.0417 .363 

.0454 .340 

.0491 .315 

.0533 .309 

.0539 .306 

0.541 
,590 . 
.637 
.689 
.686 

.529 

.561 

.589 

.604 

.623 

fuel injection 

.0421 

.a541 

fuel injection 

0.0433 0.314 0.620 0.503 0.811 3154 0.885 0.604 Screech Supercritical 18 
.0483 .304 .640 .52l .e14 3332 .876 I .662 Supercritical 19 

* .0526 .297 .654 .536 .e19 3480 ,876 .710 Critical a 
.0580 .294 .664 .548 .e25 3610 .870 ,750 Subcritical 21 
.0627 .27R .670 .556 .830 3660 .861 .774 
-0665 .263 .670 .556 .829 3614 .a37 .774 

0.445 0.822 2272 Ob587 0.424 No screech Supercritical 
.493 .835 2735 .691 .579 
.537 .a44 3205 .790 .721 
.564 .819 3479 .e33 .e08 . Screech Subcritical 

Screech Subcritical .566 .a24 3435 .eo0 .812 

1 1 
.451 .e26 2352 .619 .444 No screech Supercritical 
.499 .842 2836 .723 .601 
.527 .837 3110 .758 .691 
.542 .a37 3247 .777 .739 

.436 .829 2268 ,591 .412 

.467 .e33 2552 .658 .506 

.492 .a37 2603 .704 .586 

.504 .834 2917 .719 e 623 

.519 .e33 3071 .749 .670 

15 ' 
16 

Inlet); ilbght Mach numberA2i$.$ 

fuel injection 
jl 

.678 

.682 

.616 
.0568 

fuel inje 

0.0492 
.0509 

.0551 

.0560 

.0487 

.0538 

.OS67 

.0655 

.0693 

:ion 

.621 

.640 
.284 

.264 .671 

2355 0.603 
.490 

.558 Subcritical 

.564 3556 * 815 Subcritical 

.451 .825 2426 .624 .459 NO bcreeoh supercritical 

.478 .e34 2679 .670 2543 

.505 .e37 2953 .715 .631 

.513 .a33 3032 .724 ,857 , 

.523 .836 3139 .747 .689 

0.533 
.538 
.542 
.547 
.548 

.513 

.532 

.544 

.556 

.557 

Supercritical 
3421 .751 Subcritical 
3453 .858 .766 
3457 .770 

3366 .880 .646 Supercritical 
3537 .883 .708 

.832 3623 .746 
3742 .878 .787 Critical 

,829 3697 .787 V Subcrltfcel 

/I,: 10 

~, 15 
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TABLE I. - Continut$d. PERFORMANCE 

( f ) Step .f 1amehDlder A; 
Altitude, 

i t  

wa,5* 
lb/sec ature, pressure, 

aq ft ab8 - 
- 
1 
2 
3 
4 
5 
6 
7 

Inner-ring-only 

50,0043 

3288 
1337 1172 
1394 

-4 1343 1180 .93 
1237 1079 .93 

1.06 
.93 
.93 

0.57 
.59 

- 
8 
9 - 

I I I I I 
0 737 2036 676 634 0.57 
4 732 2050 724 651 .59 

-1-presswe - 
10 
11 
12 
13 
14 
15 
16 

17 
18 
19 
20 
21 
22 

23 
24 
25 
26 
27 
28 

29 
30 
31 
32 
33 
34 

35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
b6 

47 
48 
49 
50 
51 

52 
5 r  
54 
55 

56 
57 
58 
59 
60 
61 
62 

63 
64 
65 
66 
67 

68 
69 
70 

- 

- 

- 
44.10 
44.02 
43.95 
44.03 
44 .oo 
42.07 
42.43 

42.61 
42.66 
42.41 
42.37 
42.43 
42.34 

44.06 
43 * 94 
43.94 
43.91 
42.33 
42.20 

42.25 
42.16 
42.20 
42.16 
42.15 
42.16 

42.41 
42.52 
42.51 
42.52 
42.60 
42.30 

b4.06 
44 .m 
44.02 
43.98 
44.04 
43.92 

43.85 
43.94 
44.00 
43.89 
44.06 

43.69 
43.59 
43.57 
43.51 

27.44 
27.52 
27.32 
27.60 
27.45 
27.45 
27.37 

27:37 
27.39 
27.36 
27.50 
27.32 

27.29 
27.37 
27.33 

- 
1.23 
1.56 
1.91 
2.38 
2.54 
1.38 
1.57 

1.76 
1.98 
2.10 
2.30 
2.45 
2.62 

1.24 
J.57 
1.96 
2.39 
1.20 
1.40 

1.61 
1.79 
2.01 
2.26 
2.49 
1.35 

1.55 
1.76 
1.97 
2.16 
2.38 
2.58 

1.26 
1.56 
1.93 
2.25 
2.48 
1.24 

1.43 
1.69 
1.94 
2.16 
2.36 

1.23 
1 .58 
1.94 
2.37 

0.77 
.95 

1.13 
1.30 
1.48 
1.55 
1.73 

-76 
.96 

1.13 
1.14 
1.29 

1.48 
1.54 
1.72 

- 

- 
0.32 

.64 
1.04 
1.45 
1.61 

0.0206 
.0209 
.M12 
.0211 
.e11 
.0254 
.0250 

.0244 
-0244 
,0250 
.0248 
.0250 
-0248 

.0207 

.0212 

.0214 

.0212 

.0210 

.0211 

.0208 

.0209 
A213 
.0211 
.0211 
.0247 

.0248 

.0245 

.0245 

.0245 

.0251 

.0251 

.0207 
,0206 
.0209 
.MO7 
,0207 
.0209 

,.0210 
.0212 
A209 
.0210 
.0209 

.0208 
-0213 
.02w 
.0213 

O,.W73 
.0145 
.0237 
.0329 
.0366 
.w74 
.0120 

.0169 

.M20 
A245 
.0295 
.0328 
. a 7 1  

.w75 

.0146 

.MSJ 

.0332 

.0073 

.0121 

.0173 

.0216 
,0263 
.0325 
.0580 
.m74 
.0118 

..0169 
-0219 
A263 
.0308 
.0359 

.0079 

.0147 

.0229 

.0305 

.0356 

.0073 

I.0116 
.0173 
.0232 
,0283 
.0327 

.0073 

.0149 
,0236 
.0331 

0.0073 
.0138 
,0203 
.ME1 
.0328 
,0350 
.0417 

.m73 

.0139 

.0205 

.0207 

.E64 

.0530 

.0351 

.0r21 

- 

50,000 

- 
60,wO 

,1385 
1433 
1603 
1917 
1935 
1419 
1459 

1229 
1270 
1436 
1700 
1705 
1255 
1294 

3275 
3273 

1498 
1590 
1719 
1900 
1946 
1960 

1375 
1424 
1709 
1870 
1378 
1412 

1331 
1426 
1532 
1686 
1722 
1740 

1213 
1262 
1527 
1660 
1208 
1247 

1277 
1404 
1566 
1660 
1659 
1256 

1293 
1334 
1484 
1618 
1671 
1684 

1215 
1256 
1354 
1683 
1664 
1207 

1241 
1281 
1364 
1665 
1697 

1.04 .72 
1.04 .94 
1.06 1.04 
1.05 1.25 
1.06 1.39 
1.05 1.57 

.91 .33 

.93 .E4 

.94 1.04 

.93 1.46 

.89 .31 

.89 .51 

817 3296 
818 3302 
817 3280 
820 3284 
820 3289 
821 3283 

740 3289 
739 3277 
738 3276 
738 3274 
819 3288 
818 3275 

818 3279 
818 3272 
818 3275 
818 3272 
818 3271 
821 3278 

' ' .  

1442 
1574 
1759 
1871 
1879 
1424 

.88 .73 

.88 .91 

.90 1 . u  

.a9 1.37 

.89 1.60 
1.04 .31 

1.05 .50 
1.04 .72 
1.04 .93 
1.04 1.12 
1.07 1.31 
1.06 1.52 

.91 .35 

.S1 .65 

.92 * 1.01 

.91 1.34 

.91 1.57 

.92 .32 

816 3288 
813 3290 
813 , 3289 
612 3289 
812 3295 
817 3281 

137 ' 3277 
3278 
3277 

738 3214 
740 3282 
742 3278 

::E 
1387 
1420 
1523 
1899 
1899 
1376 

1407 
1454 
1542 
1874 
1914 

.92 .51 

.93 .76 

.92 1.02 
.92 1.24 
.92 1.44 

.91 .32 

.93 .65 

.91 1.03 

.93 1.44 

3281 

737 3266 ;zi I 3278 
3279 

739 3280 

1144 
1220 
1488 
1587 

727 
764 
789 
859 

1068 
1087 
1138 

630 
869 
893 
967 

1206 
' 1223 
1287 

0.0208 
.0207 
.0207 
.021o 
.0211 
-0215 
.0216 

.80 

1.14 

2042 
2043 
2039 

2039 

. I  

. .  
6 

842 
873 
910 
922 

1060 ' 

732 
766 
808 ' 
817 
94 7 

.0212 

.0212 

.0208 

.0207 

.0209 

' .0213 
.0212 
.0209 

.58 .90 

:3 I 1::: 1139 
1183 
1272 

1008 
1045 
1115 , 

737 2046 1103 
739 2040 1146 
741 2037 1199 
737 2045 1244 i 737 2048 1262 

71 60.000 
72 
73 . 
14 
75 
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OF SEVERAL ENGINE CONFIGURATIONS 

f l i g h t  Mach numher, 2.35 . 
*Over-a11 Diffuser Calculated Bogine Calculated Exhaust- combustion Net ttwwt 

ratio, Mach total- pressure total temperature, nC 0F.n 
fuel-air outlet diffuser total- combustor gas total efficlency, coefflcient. 

wf/wa,7 number, pressure ratio pressure 
recovery, PdP; ratio. 1' 

PdPO ' PEP2 

fuel lnjecticn 

bel inj - 
0.0279 
.03M 
,0149 
.OS40 
.0577 
.0328 
.0370 

.M13 
A464 
.0495 
.0543 
,0578 
.0619 

A282 
.OS57 
.0451 
.OS44 
.0283 
.0332 

.OS81 

.0425 

.0416 

.OS36 

.os91 

.OS21 

.0366 

.0414 

.Or64 
.OW8 
.os59 
.@(lo 

.0286 

.OS53 

.M38 

.0512 

.OS63 

.0282 

.0326 

.0385 

.0441 

.0493 

.os38 

.0281 

.0362 

.0445 

.OS44 

0.0281 
. O S 5  
.0410 
.C471 
.OS39 
.0565 
.C633 

.0285 

.0351 

.0413 

.0414 

.0!73 

.054S 

.OS63 

.0630 

'uel in1 

- 

- 

;ion 

0.480 
.457 
.396 
.321 
.318 
.467 
.456 

.441 

.410 

.370 

.330 

.322 
,318 

,479 
.I54 
.362 
,326 
.490 
.472 

.459 

.409 

.359 

.333 

.331 

.467 

.452 

.437 

.385 
,348 
.334 
.328 

.478 

.C62 

.423 

.324 

.325 

.483 

.467 

.448 

.417 

.329 

.323 

.511 
,469 
.372 
.341 

0.422 
.438 
.491 
3 8 5  
.591 
.435 
.445 

0.504 0.408 
.474 .426 
.458 .438 
.414 .473 
,318 .591 
.313 399 
.295 .631 

.492 .413 

.469 .428 

.445 .446 

.438 .451 

.367 .520 

.338 3 6 0  

.324 .580 

.298 ' -625 

.ion 

.455 

.462 

.524 

.579 

.592 

.597 

.418 

.435 

.522 

.571 

.419 

.431 

.440 

.481 

.537 

.572 

.574 

.434 

.445 

.457 

.SO6 

.552 

.571 

.sa0 

.423 

.433 

.465 

.580 

.579 

.420 

.430: 

.44w 

.474 
s7.4 
.583 

.399 

.424 

.510 

.549 

- 
>.375 
.388 
.439 
.519 
.521 
.385 
.394 

.404 

.432 

.467.. 
S13 
324 ' 
.530 

.369 

.385 
,466 
SO7 
.367 
.381 

.390 

.429 

.478 

.SO7 . 

.507 
,383 

.393 

.406 

.451 

.492 

.507 
,513 

.371 

.383 

.413 
3.4 
.507 
.368 

.379 
,391 
,416 
,509 
-516 

.348 

.372 

.454 

.484 

j.357 
8374 
.387 
,420 
.523 
.532 
.558 

.359 

.375 
,396 
.400 
.465 

.495 

.513 

.548 

- 

0.887 

1908 
1970 

.a02 

.e86 

.a94 

.e77 

.883 

.E86 

.892 

.a90 

.ab7 

.883 

.882 

.88& 

.888 

.e92 

.e92 

.888 

.885 

.876 

.885 

.889 

..e86 
-876 
.e77 

.a82 

.E81 

.e05 
,889 
.887 

.a73 
A78 
.889 
.882 

.a88 

.e89 , 2039 

.e97 2297 

.a91 2659 

.887 3185 

.885 3281 

.868 9325 

1651 
1153 
2493 
2875 
1774 
1871 

1927 
2308 
2821 
3124 
3074 
1908 

1969 
2056 
2504 , 2940 
3084 
3120 

1654 
1727 
1962 
2971 
2855 
1644 

1718 
1793 
1989 
2935 
2989 

1492 
1658 
2413 
2670 

0.876 

3019 
.889 3136 

3392 

1840 
2509 

2747 
2917 
3265 

0.514 
.454 
.536 
.724 
.696 
,517 
.498 

-481 
331 
.631 
.764 
.769 
.762 

.489 

.446 

.636 

.681 

.515 

.499 

.468 

.575 

.706 

.750 

.696 

.527 

.SO3 

.487 
,608 
.714 
.721 

*. 707 

..485 
.442 
.455 
.740 
.661 
.483 

~ 0.199 

.a4 

.284 

.374 
* .488 
.637 
.669 
.690 

, .182 
.234 
.491 
.626 
.170 I 
.212 

.240 

.368 

.525 

.619 

.619 
* .220 

.253 
291 
.439 
.569 , 
.618 
.638 

.187 

.227 

.323 

.647 

.625 

.179 

,463 .214 
.437 + .252 
.461 .332 
,747 .631 
.724 .655 

.405 .I22 

.402 .200 
,614 .462 
.615 .558 

.742 .669 

.750 .704 

.793 .788 

.436 .150 

.416 -202 

.42S .269 

.429 .281 

..623 .490 

.643 .588 
c682 .644 
.757 .756 

- 
Buzz 
BUZZ 

No buzz 
1 

Buzz I""' 
IJO buzz 

BUZZ , I ,  
1 

' t  
No buzz 

B U Z Z  6 ,  
Buzz 

Buzz 
BUZZ 

b buzz 
Buzz 
B U Z Z  

No buzz 
No buzz 

BUZZ 
BUZZ 

No T= 
lic buzz 

1 ,  

Supercritical 10 

Subcritical 13 
SubcrLtical' 14 
SupercrLtical 15 

16 

+ :: 

Critical I n  20 

. Critical I s n  32 

SubcriticL1 . I  40 

Subcritioal 21 
Subcritical 22 

Supercritical 23 

Subcritical 26 
Supercritical 27 

28 

1 ;: 

subcritiaal 33 ' 
Supercrntical 54 

35 

Supercrlt%oal 4 1  
42 

Subcritical 45 
Supercritical 46 

b t: 

Supercritical 1 2 49 
Supercritlcal 50 
Subcritical 51 

0.0510 0.353 0.539 0.477 0.884 2558 0.604 0,528 
. W E  .336 .562 .497 .E84 2755 .637 .592 
,0583 .318 .589 S17 ,878 2966 .685 .658 
.0612 .307 .608 .535 .a79 3129 .723' .714 ' Subcritical 74 

.616 .542 .a79 3182 .728 .737 Subcritical 75 -0644 .302 

' . , .  
a; 

. .  
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attack, 

14 
15 
16 
17 

38 

50,000 

. .  

- 
0 

fl 
4 

I 

t 

i - 

C IA.L 2 

1 

TAEIU 1. - Contlnu'ed; PERFOIU4ANCE 

(g) Step flameholder Bp 
I .  

Wl-preasure  

3259 

820 
810 
815 
815 
815 

732 
746 
740 
733 
740 
739 

816 
816 
816 
816 
813 
812 

735 
736 
736 
736 
136 
734 

734 
734 
734 
734 
734 

3285 
3278 
3278 
3285 
3270 

3269. 
3271 
3295 
3265 
3262 
3269 

3274 
9272 
3270 
3275 
3269 
3276 

3260 
3259 
3259 
3272 
$270 
3274 

3273 
3269 
3274 
3271 
3273 

1405 
1455 
1540 
1135 
1836 
1863 ' 

1456 
1482 
1511 
1816 
1819 
1828 

1459 
1482 
1512 
1825 
1825 

1304 
1345 
1555 
1620 
1599 
1258. 

1285 
1341 
1598 
1654 
1694 

1265 
1323 
1493 
1533 
1574 
1619 

1247 
1293 
1366 
1541 
1620 
1644 

1305 
1331 
1357 
1610 
1618 
1623 

1307 
1334 
1361 
1623 
1621 

1305 
1367 
1506 
1514 
1568 

1.30 

.89 

.88 .73 

.87 .93 

.88 1.14 

.88 1.37 

.88 1.55 

.94 .74 

.93 .87 

.93 1.04 

.92 1.20 

.91 1 .30  

.91 1 .40  

.90 .54 

.90 .74 

.so .94 

.89 1.14 

.89 1.35 

.88 1.47 

.94 .79 

.94' .89 

.94 1.00 

.94 1.15 
,93 1.24 
.94 1.30 

.94' .I8 

.94 ' .90 

.94 1.00 

.94 1.14 

.94 1.24 

.91 .79 

.91 .94 

.91 1.14 

.93 1.25 

.92 1.30 

- 
1.68 
1.85 
2.06 
2.22 
2.28 
1.44 

1.61 
1.80 
2.02 
2:25 
2 .43  

1.68 
1.80 
1 .97  
2.12 
2.21 
2.31 

1.44 
1.64 
1.84 
2.03 
2.24 
2.35 

1.73 
1.83 
1.94 
2.09 
2.17 
H.24 

1.72 
1.84 
1.94 
2.08 
2.18 

1.74 
1.85 
2.05 
2.18 
2.22 - 

43.99 0.0211 
44.05 .0209 
44.04 .0209 
43.87 .0210 
43.92 .0212 
42.38 .0210 

42.38 .0208 
42.56 .02W 
42.43 ,0207 a 

42.43 .0207 
42.32 .0208 

44.02 .0214 
43.64 .0213 
44.14 .0211 
43.95 .0209 
43.70 .MOB 
43.83 , .0208 

42.23 .0213 
42,20 .0213 
42.18 .0213 

0.0171 
.0211 
.0259 , 
.0296 
.0307 
.0130 

.0178 

.0219 

.0269 
,0323 
.0366 

.0168 

.0199 

.4236 

.0273 

.0291 

.0319 

,0128 
.0175 
.0223 
.0270 
.0320 
.034 7 

.oleo 

.0203 

.0228 

.0761 

.0282 
,0295 

.017? 
,0204 
.0227 
.0259 

, 

.0281' 

.0216 

.0262 
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OF SEVERAL ENGINE CONFIGURATIONS 

‘ f l fght  Mach number 2.35 
Combustion 
erficiency. 

nc point 

fuel hlection - 
0.896 
.E96 
.E98 
.E92 
.892 
.E92 

.a94 
,894 
.a95 
.E83 
.E83 

.E89 

.E88 

.a91 

.a93 

.a95 

.a90 

.E88 

.E89 

.E87 

.E88 

.E82 

.E82 

.E96 

.898 

.E98 

.E87 

.a90 

.E88 

,896 
.goo 
.goo 
.E89 
.E88 

.E87 
,884 
.E92 
.a93 
.E89 

0.281 
-317 
.526 
.590 
.571 
.218 

.24i 

.301 

.553 
504 
.651 

.240 

.296 

.453 

.505 

.547 

.588 

.213 

.259 

.331 

.500 

.581 

.601 

.282 

.308 

.334 

.577 

.585 

.588 

.279 

.307 

.332 

.590 

.587 

0 .ad0 
.412 
.476 
.497 
.491 
.383 

.391 
-409 
.488 
.504 
.518 

..387 
.405 
.453 
.470 
.483 
.495 

.381 

.395 

.471 

.496 

.502 

.400 

.408 

.416 

.492 

.495 

.a96 

.399 

.COB 

.416 

.496 

.495 

.ria 

0.466 
.464 a 

4 .677 2771 
2683 
1912 .50T 

0.0382 
,0420 
.or68 
.0506 
.0519 
,0340 

0.447 
.459 
.531 
.557 
.550. 
.429 

0.446 
.430 
.360 
.341 
.345 
.477 

.463 
-437 
-354 
.335 
.325 

.459 

.432 

.377 

.363 

.353 

.339 

.474 

.453 

.421 

.364 

.341 

.336 

.444 

.435 
, .424 
.341 
.341 
.339 

A46 
.436 
.426 
.339 
.339 

.435 

.409 

.368 

.366 

.348 - 

1964 
2068 
2905 
3066 
3197 

1742 
1919 
2366 
2489 
2635 
2794 

1863 
1976 
21 76 
2738 
2966 
3021 

1858 
1923 
1982 
2742 
e758 
2750 

.483 

.485 

.737 

.738 

.747 

.422 

.459 

.596 

.606 

.‘632 

.668 

.483 

.479 

.514 

.671 

.705 

.703 

.455 

.459 

.461 

.701 

.686 

.671 

.454 

.454’ 

.460 

.720 

.684 

.472 

.500 

.643 

.579 

.632 

.438 

.458 

.545 

.570 

.587 

.435 

.456 

.508 

.526 

.539 

.557 

.429 

.445 

.471 

.530 

.562 

.569 

,447 
.455 
.464 
,555 
.556 
.558 

.446 

.453 

.462 

.558 
,558 

.450 

.472 

.518 

.518 

.540 

.0380 

.0423 
-0476 
.OS30 
.0574 

.0382 

.or12 

.0447 

.0482 

.OS05 

.0527 

.0341 
-0388 
.0436 
.0481 
.0531 
.0555 

.0394 

.0417 

.0442 

.0475 

.0493 

.0508 

.os90 

.0417 

.0440 

.0472 

.or94 

.0391 

.0424 
-0471 
.0501 
-0511 

8 
9 

Superrritical 12 
13 
14 

Supercritical 18 
19 

Critical 22 
Subcritical 23 

No r 
No IUZZ ’ 

”r”” 
* Buzz I” 
Buzz 

, NO buzz 1847 
1911 
1974 
2785 
2754 

1893 
2049 
2453 
2462 
2645 

.399 

.417 

.460 

.463 

.480 
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TABLE I. - Continued. PERFORMANCE 
, I 

* (h) 'Step flameholder C 

Inner -ring-on1 - 
736 
732 
732 
732 
732 
815 

816 
815 
816 
816 
816 

- 
1416 
1420 
1444 
1404 
1387 
1384 

1397 
1425 
1403 
1373 
1345 

1.10 44.10 0.0249 
1.10 44.22 .0249 
1.32 44.24 ,0298 

3274 
3275 
3276 
3274 
3275 
3266 

3274 
3273 
3264 
3264 
3281 

0 
0 
0 
0 
0 
0 ,  

0 
0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 

- 
- 

~ .~ 
1.54 44.21 .OS48 I :::4.: I .0371 .0246 

,1219 

1220 

1176 

1.04 

1.06 
1.28 
1.48 
1.69 

1.06 
1.28 
1.48 
1.69 
1.89 

1.10 
1.05 
1.10 
1.10 

0.69 
.68 
.67 

- 
- 
- 
1.58 
1.99 
2.41 
2.61 
1.54 

10 
11 

12 
13 

17 
18 

0 733 2044 854 741 
4 737 2028 839 727 
4 818 2036 835 725 

- 

0.69 
.68 
.67 

h -prpssure 

.0542 

.03w i 
- 
735 
735 
735 
734 
816 

816 
816 
816 
816 i 

- 
19 
20 
21 
22 
23 

24 
25 
26 
27 

28 
29 
30 
31 
32 

33 
34 
35 
36 
37 

38 
39 
40 
41 
42 

43 
44 
45 
46 
47 

48 
49 
50 
51 

52 
53 
54 
55 
56 

57 

59 
60 
61 

- 

si3 

- 

- 
1300 
1486 
1710 
1795 
1283 

50,000 

- 
60,000 

3274 
3273 
3272 
3274 
3280 

3278 
3281 
3277 
3280 

1471 
1875 
1925 
2021 
1453 

1545 
1906 
2050 
2090 

1365 
1681 
1812 
1835 

1.70 

733 
733 
733 
734 
734 

816 
816 
816 
817 
817 

732 
732 
732 
732 
732 

3271 
3274 
3275 
3274 
3274 

3281 
3274 
3278 
3279 
3279 

3277 
3275 
3275 
3273 
3276 

3276 
3271 
3274 
3271 
3275 

2042 
2044 
2041 
2039 

2041 
2046 
2044 
2044 
2042 

2035 
2035 
2035 
2037 
2035 

- 

- 

14 70 
1525 
1709 
1889 
1919 

1455 
1659 
1912 
2030 
2033 

1469 
1549 
1839 
1935 
1977 

1.58 
1.77 
1.99 
2.28 
2.40 

44.63 .0250 

44.04 .0250, 

44.07 .0250 
44.09 .0249 

44.04 ' .0250 ! 1298 
1341 
1510 
1688 
1702 

1282 
1470 
1705 
1777 
1789 

1292 
1379 
1623 
1716 
1744 

1273 
1294 
1498 
1619 
1639 

764 
798 
1069 
1144 

770 
817, 
1068 
1140 
1148 

761 
828 
1042 
1097 
1107 

.0113 

.0199 

.MOO I 

.0249 

.0299 

.0110 ' .0147 

.0266 

.0300 

.0098 

.0196 

.0291 

.0378 

1.54 42.32 .0250 
1.90 42.23 .0251 
2.34 42.28 .a51 
2.74 42.28 .0248 
3.15 42.28 .0251 

1.58 4 44.20 .0249 
1.99 44.18' .0249 

44 18. .0249 $::2" 'I 44:15 .e49 
2.63 !44.19 .0249 

1.06 .48 
1.06 .84 
1.06 1.28 
1.05 1.69 
1.06 2.09 

3.10 .48 
1.09 .SO 
1.10 1.10 
1.10 1.32 
1.10 1.53 

1444 . 1469 
1693 

.0250 
1.10 

733 
733 
732 
732 

1207 ' 

930 
1202 
1301 
1309 

.ow9 . 

.0197 ' 

.0295 

.0390 

.M41 1 .69 .27 
.69 S 4  
.68 .81 
.69 1.07 
.69 1.21 

.67 .26 

.67 S2, 

.67 .78 

.67 1.05 
-67 1.30 

949 I 817 
817 
817 

.0495 

-pressure 
t 1 

Slng 
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' OF SEVERAL ENGINE ,CONFIGURATIONS 

flight Mach number, 2.35 
Wr-all 
fuel-air 
ratio. 

Diffuser Calculawd Engine 
outlet I diffuser 1 total- 
Mach total- Dresaure 

Calculated 
combustor 
total- 
pressure 
ratio, 
PdP2 

ExhauaO- Combustion Net thrust Combustor Diffuser 
gas total efficiency, coefficient. remarks operatilrir 
cemperature, llc CF,n point , 

I I I 

Puel injection 

fuel injection - 
15 
2c 
21 
22 
23 

24 
25 
28 
21 

2E 
25 
30 
31 
32 

33 
34 
35 
36 
31 

38 
39 
40 
41 
42 

:: 
45 

47 

48 
49 
50 
51 

52 
53 
54 
55 
56 

57 
58 
59 
50 
B1 

48 - 

- 

- 
NO 
No 

BI 
Bi 
NO 

- 
No 

0.489 0.271 

1942 

2143 .326 
3149 .741 .633 
3563 ,763 
3528 

0.0358 
.0451 

.0591 

.0363 

.0448 

.0554 

.0651 

.0747 

0.442 
.376 
.320 
.303 
.457 

.422 

.329 

.302 

.296 

.440 

.420 

.366 

.326 

.320 

.454 

.384 

.326 

.305 

.304 

A43 
.413 
.337 
.317 
.310 

0.449 
.512 
.588 
.617 
.443 

-471 
.581 
.626 
.637 

0.397 
.454 
.523 
.548 
.391 

,416 
.512 
.553 
.560 

.397 

.410 

.461 

i 2;: 
i -391 
.449 
S20 
.542 
.546 

.394 

.421 

.496 

.524 

.532 

0.884 
.887 
.888 
-888 
.883 

.884 

.e82 

.884 

.878 

A83 
.a79 
.884 
;894 
.a87 

.881 

.E86 

.e92 

.e75 

.880 

.e74 

.a90 
,883 
.E87 
.882 

Critical 
Supercrltlcal 

Critical 
Supercritical 

. Criuical 

.449 
,466 
-522 
2-71 
-586 

.0359 

.0402 

.0451 

.0518 

.0545 

1846 .488 .272 
1941 .483 .313 

3004 .722 .667 

.444 
SO7 
.583 
.619 
.620 

,448 
.473 
.562 
S91. 
.604 

Supercritical 

Critloal 
Supercritic%l 

6 

I 
Critical 

1948 .496 .244 
2505 .622 .432 
3262 , 
3446 
3379 .741 

.0363 

,0554 
.0648 
.0745 

.0358 

.0451 

.0498 

.0595 
1 .OM8 

1832 .485 .263 
2013 .466 .350 

3088 .717 .707 

Supercritical 

WitLal a 

. 1 I .0399 

.0516 

0.0348 
.0442 

.517 

.556 .495 
-329 .567 S O 1  .883 

.443 .390 -870 

.318 .591 

.290 .641 .561 .875 

0.467 

2792 
2830 ,613 

1638 0.406 0 b 198 
1731 .250 
3027 .730 .678 . 3368 .794 .798 

LEL Suparcrltioal 

Critical 1 .  
Critical 

.463 
,433 
.319 
.291 
.289 

.432 

.455 

.637 . a41 
s e a  

.377 

.399 

.523 

.558 
-562 

.a74 

.e79 

.E89 
A76 
,877 

.0351 

.0543 

.0641 

1686 .423 ,210 

3372 .788 
5371 .778 ,804 

Supercritical 

I , l  
.374 
.407 
.512 
.539 
2544 - 

.0354 

.0552 

.0655 
3163 .751 
3401 .776 -719 
3350 .761 .737 

;ion 

0.353 0.539 2607 0.676 .. 0.535 Rough burn- Supercritical 62 
Supercriticaa 63 
Cri'tical 64 
Critlcal 65 

2795 .71L .596 ' 
2993 .736 .662 
3167 .m9 .718 , I '  
2995 0.756 Q.657 
3072 .739 * 102 61 
3313 .785 * 764 
3397 .789 .800. 
3317 .762 .796 Critical' 70 
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r 
Inner-ring-only 

1 50,000 0 744 3264 ---- 1188 1.02 0 1.02 43170 0.0233 0 
0 820 3294 ---- 1201 .97 0 .97 42.49 A228 0 
4 746 3283 ---- 1196 1.03 0 1.03 43.80 .0235 0 
-4 742 3276 ---- 1212 1.02 0 1.02 43.91 .a32 0 

5 7 743 3299 ---_ 1191 1.03 0 1.03 43.68 s ,0236 0 
6 7 ---- 1199 .98 0 .98 41.16 .0232 0 
7 ---- 1194 1.03 0 1.03 43.36 ' ,0238 0 -7 743 3266 

8 60,OtJO 0 743 2048 ---- 600 0.64 0 0.64 27.45 0.0233 0 
9 0 815 2047 ---- 709 .59 0 .59 26.49 A223 0 
lo 7 745 2053 . ---- 588 .64 0 .64 27.16 .0236 0 
11 -7 818 2050 --__ 739 .58 0 .58 26.23 .0221 0' 

i 
e18 3302 

r. hurl-pressure - 
744 
745 
745 
745 
745 

820 
821 
,822 
823 
822 

747 
745 
744 
713 
743 
743 

742 
743 
743 
744 
744 

742 
742 
743 
742 

818 
818 
818 

740 
737 
735 
740 

817 

3264 
3286 
3270 
3258 
3257 

3286 
, 3291 
3285 
3291 
3284 

3265 
3276 
3275 
3272 
3300 
3291 

3267 
3276 
3286 
3273 
3281 

3299 
3299 
3276 
3286 

3289 
3283 
3288 
3293 

3285 
3263 
3282 
3295 

43.70 
43.99 
43.77 
43.63 
43.59 

42.38 
42.46 
42.34 
42.38 
42.31 

43.55 
43.73 
43.76 
43.73 
44.13 
43.98 

43.76 
43.87 
43.98 
43.80 
43.91 

1891 164Q 
2075 
2158 1902 

1949 

1390 
€921 1686 
2108 1866 
2157 1923 
2176 1944 
2180 1920 

1.03 
1.03 
1.03 
1.03 
1.02 
1.02 

1.03 
1.03 
1.03 
1.03 
1.03 

. ', 

---- 
2097 1.02 

---- 1386 .98 

2123 1840 .98 

1407 
1692 
1881 
1921 

669 
997 
1146 
1177 
1197 

1201 
1195 
1124 
851 
986 

- 
745 
745 
744 
744 
744 

2038 
2041 
2048 
2037 
2039 

0.642 

.59 

744 
744 
744 
818 
817 

821 
817 
817 
816 
816 
815 

742 
742 
741 
740 I 

817 
81 7 
817 
817 
817 
817 - 

2948 
2044 
2041 
2049 
2051 

2050 
2054 
2046 
2043 
204.8 

2058 
* 2054 
2045 
a 7  

2057 
2042 
2045 ' 
2041 
2043 

2 2051 

2044 I 

1238 1077 -62 
1290 1137 .59 
1360 1187 .59 
1350 1188 .59 
1333 ' 1184 . .59 
1271 ' 1103 259 

--- . 784 .64 __-- 877 .64 
1267 , 1106 .64 
1297 1136 -64 

I 

61 
62 
63 
64 

65 
66 
61 
68 
69 
70 

I 
; .  . 

6 
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16 
17 
18 
19 

< =  
21 
22 
23 
24 
25 

26 
27 
28 

. 1  29 
30 

31 
32 
33 
34 
35 
36 

37 
38 
39 
40 
41 

42 
43 
44 
45 
46 

' 

- 

- 
0 

1 

i 

- 
4139 
4122 
4136 
1137 
4129 

4130 
4143 
4136 
4138 
4133 
4141 

4106 
4126 
4138 
412i 
4127 

792 4132 
782 4133 
192 4133 
192 4119 
792 4132 i 792 4136 

4140 
4131 

4143 
4147 
4135 

1 

-"-- 
2153 
2387 
2437 
2478 
----) 

1787 
2094 
2296 
2376 
2546 

le08 
2162 
2374 
2416 
2455 1 

2554 

1838 
2108 
2309 

* 2369 
2410 

1810 
205s 
2208 
2301 
2315 - 

1578 1.12 0.85 
1900 1.13 1.32 
2119 1.13 1.81 
2166 1.13 2.06 
2206 1.12 2.31 

2238 1.12 2.77 
1569 1.94 .79 
1847 1.06 1.25 
2028 1-08 1.72 
2100 1.06 2.19 
2190 1.04 2.64 

1M)O 1.13 .84 
1890 1.12 1.32 
2086 1.13 1.82 
2136 1.13 2.08 
2162 1.15 2.31 

1567 1.15 .82 
I905 1.13 1.32 
2117 1.13 1.82 
2155 1.13 2.07 
2182 1.12 , 2.30 
2201 1.15 2.64 

1582 1.13 .83 
1875 1.13 1.32 
2048 1.1s 1.82 
2096 1.1s 2.06 
2119 1.W 2.30 

1578 1.06 '.7S 
1818 1.07 1.25 
1939 1.07 1.71 
2024 1.07 2.18 
2016 1.07 2.66 

1.97 47.69 
2 44 . 47.92. 
2:s 1 48.09 
5.21 47.815 
5.44 47.96 

1.95 41.98 
2.45 17.61 
9-95 47.61 
3-20 , 47.45 
3.42 47.58 
3.77 ~47.64 

1.96 47.~1 
2.45 47.39 
2.95 47.23 
3.19 4i.29 
3.43 4T.20 

1.8s 45.68 
2.32 45.75 
2.78 . 4S.62 
5.25 45.72 
5-73 45.65 
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I 

Illtimule. 
it 

Angle of 
attack, 
a. 

dag 

- 
47 
48 
49 
50 
51 
52 

53 
54 
55 
56 
57 
58 
59 

60 
61 
62 
83 
64 
65 

88 
87 
88 
89 
70 
71 
72 

73 
74 
75 
76 
77 
78 
79 

Bo 
81 
82 

83 
84 
85 
86 
87 
88 

89 
90 
91 
92 
93 
94 

95 
96 
97 
98 
S9 
00 

01 
02 
03 
04 
05 
08 
07 

08 
09 
10 

11 
.12 
.13 
514 
.E 

- 

- 

- 

- 

- 

- 
792 
791 
792 
792 
192 
792 

792 
791 
791 
791 
791 
791 
191 

873 
872 
872 
872 
870 
872 

788 
I88 
I88 
788 . I88 
188 
789 

872 
872 
873 
872 

872 

- 

a72 

"7 

7ilQ 

- 
% 

c 
3 

790 
790 

7 w  
189 - 
875 
874 
874 

874 
878 
878 
878 
818 
878 

791 
791 
791 
792 
792 
792 
792 

791 
792 
792 

791 
791 
791 
791 
792 

87? 

- 

c_ 

- 
4135 
4122 
4108 
4127 
4120 
4124 

2514 
8578 
2514 
2575 
2561 
2575 
2514 

2566 
2569 
2571 
2574 
2585 
2573 

2584 
2518 
2514 
2518 
2569 
2576 
2579 

2580 
2572 
2575 
2511 
2578 
2578 
1918 

1916 
1915 
1907 

1912 
1912 
1912 
1916 
1916 
1916 

1810 
1808 
1807 
1809 
1807 
1810 

1808 
1812 
1812 
1807 
1812 
1804 

2583 
2581 
2578 
2584 
2584 
2578 
2579 

2580 
2578 
2577 

2580 
2588 
2579' 
2578 
2578 

- 

- 

- 

- 

___I 

, 

, .0389 ' 

' .0417 

I ,  
.M70 
.0518 
.0671, 

.Ol76 , q 

.0281 
A380 
A430 
.OM6 
.OS90 

* .0688 

.0177 

.0277 * 

.OW7 

.0483 

.OS88 

.0687 

. 
# 

a 

, 

.0288 

0.0373 
.0472 
.OS77 

1817 1584 1.13' 0.84 
2128 1882 1.13 1.32 
2317 20% 1.13 1.81 
2312 2065 1.13 1.82 
2356 2108 1.13 2.06 

82389 2135 1.12 2.30 

1083 930 0.69 0.51 
1293 1130 

.69 1.12 1472 1305 
1512 1339 .70 1.27 
1539 1366 . I O  1.42 
1562 1314 .70 1.74 
1465 1283 . 6 9 ,  2.03 

1097 959 .67 S O  
1262 1099 .67 .79 
1429 1263 .67 1.09 
1482 1311 .67 1.36 
1535 1343 .67 1.68 
1615 1363 .67 1.94 

.69 ' .82 

1135 964 .10 , .52 
1269 1117 .69 3 3  , 1411 1229 $69 1.12 

1285 .69 1.27 1467 
1496 1300 .69 1.43 
1456 1281 .70 1.14 
1379 1229 .70 2.03 

1.12 28.82 .0232 
T.46 28.88 .0232 
1.16 28.96 .0231 
2.03 28.93 .0232 
2.35 29.08 , .0230 
2.61 28.92 ,0232 

1.22 29.60 .0236 
1.52 29.50 .0234 
1.81 29.48 .0234 
1.96 29.53 .MI4 
2.12 29.42 .0235 
2.44 29.50 .0231 
2.73 29.52 .0237 

1084 I 945 1.17 
1.45 
1.16 
2.03 
2.33 
2.61 
1.12 

1.35 
1.58 
1.80 

- 
1430 1277 

1279 
1431 1288 
947 020 

1.36 
1.66 

.60 

1.05 ~ 1149 

722 607 
808 
932 1 I I 2; 1034 .83 

1097 962 .52 1.05 
1013 950 .52 1.28 

.68 

.go 
1.13 
1.35 
1.57 
1.80 

0.83 
1.01 
1.22 
1.41 
1.63 
1.82 

- 
0.0177 

.0271 I 

.0375 

.OS64 

1030 907 
1035 908 
1004 875 1.35 

.0182 

.0278 

.0384 

.0477 ' 
,0582 
.0691 

1.80 
1.97 
2.12 

1.67 
1.82 
1.97 
2.09 
2.23 - 

c 
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6 '  
r-4 
a3 m 

I *  

'uel injection 

0.0420 0.383 0.439 0.383 0.872 
.0524 .318 .516 .457 .884 

, .0632 .287 .564 .502 .a91 
.0631 .289 .560 S O 0  .a93 
.0683 .283 '.572 .512 .e95 
.0732 .279 .579 5 1 8  .a94 

0.0401 0.418 
.0503 .338 
.0604 .291 
.0658 .283 
.0712 .a76 
,0815 -273 
.OW8 .293 

No buzz or screech 

, ' I ,  ' q  

No buzz cr screech 

1 

No buzr'ecreech 

a .  3827 
3939 .936 
3959 .944 .882 

2024 
2884 
3753 
3884 
4017 
3857 
3232 

2317 
2838 
3635 
3939 
3923 
3920 

0.859 
,874 
.887 
.886 
.888 
.88O 
.876 

.e74 

.871 
,882 

e .885 
.a75 
A44 

-849 
.880 
.e71 
.e76 
.a69 
.ea4 
.891 

0.494 
.705 
.904 
.924 
.959 
.941 , 
.794 

0.421 0.361 
.502 .438 
.572 .507 
.587 .520 
.601 .533 
.607 2534 
.569 .499 

0.301 
.578 
.e24 
3 7 1  I. 

0 .919 
.920 
.793 

.0405 

.&06 

.0607 
-0702 
.OW8 
.0903, 

3 4 1 2  
.0515 
.0614 
.OS64 
.0721 ' 
.0827 
.0925 

A17 
.352 
.307 
.294 
.284 
.267 

.a87 

.sa8 

.300 
.287 
.280 
.290 
.308 

.428 
-491 
.555 
.576 
.594 
.628 

.459 

.493 
S48. 
.569 
.582 
.565 
.535 

.374 

.426 

.490 
SO9 
S 2 0  
-530 

.373 
434 

.478 

.499 
S O 6  
.500 
.477 

,582 .335 
.671 .529 
A52 .752 
,922 ,820 
.944 , .e58 
.997 .a94 

No bwz or ecreec? 2216 .564 .356 
2904 ,703 .574 
3425 .eo1 .731 
3678 .862 .80€ 
3714 .871 .a33 
3469 .829 .810 
3031 .739 .728 

P 

.412 

.342 

.308 

.297 

.292 

.297 

.345 

0.300 
.a80 
.275 

.469 

.406 

.342 
305 

.286 

.292 

0.434 
.362 
-310 
.297 
,296, 
.306 

7 

- 

~1 .496 

.e72 

.879 

.a94 

.a93 

.a79 

.858 
-866 

0.880 
.ea4 
,880 

.e41 

.e63 
.880 
.874 
.e77 
.885 

0.855 
A67 
.a82 
.882 
.881 
.555 

- 

4 

1 

WO burn6 sorssch 
NO b W Z  or screech 
Ilo buzz or screech 

No buzz or screech 0 491 
:523 I 
.530 

0.557 

* .434 

2849 .683 .556 
3353 .717 .711 
3668 .856 .819 
3436 .e14 

, 1 .526 1 
.560 

0.414' 
.480 
.549 

3 7 3  
.555 

No buzz r screech 

No buzz screech P .  
Ilc buzz or acreech 

0.354 
.416 
.484 
S O 1  
.503 
.483 

0.483 

3830 
3635 .869 .797 
3286 .785 .728 

2103 .483 
2758 .$38 .487 
3518 
3723 .858 
3546 ,830 .737 
3371 .732 No bkz , I '  screech 

0.344 
-317 
.300 
,291 
-287 

,277 
,280 

0.494 
.531 
.557 
.573 
,580 
.594 
.600 

0.432 
-469 
.490 
.SO3 
&12 
.523 
2528 

0.875 
.883 
.e79 
.a77 
.BBS 
.882 
.880 

2843 
3298 
3578 
3672 
3777 
3877 
3864 

3416 
3587 
3612 

0.743 0.556 
.e44 .686 
.887 .761 
.881 .815 
.a94 .a41 
.927 .931 
.922 .898 

.799 .724 

.e33 1 .781 

.a39 .e03 I 12; I 3 3 6  I 4;; I 
.552 .490 

.0674 ,288 2563 .a95 

.0715 .285 .568 SO7 .a93 .om1 .281 .576 .512 A88 

3812 
3819 
3734 .860 
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11 
12 
13 

23 

26 
2 7  

29 
30 

32 

. 3 4  
35 
36 
37 

50 

53  

55 

57 
S8 
59 

- 
739 
739 
739 
739 
739 
740 
817 

817 
817 
817 
816 
816 
816 

740 
740 
740 
740 
741 

740 
740 
740 
740 
740 

' s i 5  
816 
816 
817 
821 
818 
814 

741, 
740 
740 
740 
740 
740 
740 

739 
139 
739 
738 
738 

735 
736 
736 
738 
737 

737 
738 
735 
734 

7 

- 

3277 
3278 
3276 
3277 
3281 
3282 
3292 

3278 
3285 
3287 
3288 
3284 
3291 

3274 
3275 
3TB1 
3270 
3276 

3260 
3271 
3281 
3276 
3271 

3290 
3290 
3279 
3303 
3284 
3286 
3302 

3284 
3284 
3275 
3283 
3274 
3285 
3279 

2042 
2041 
2043 
2043 
2043 

2040 
2042 
2043 
2039 
2041 

2043 
2041 
2040 
204 1 

2170 
2259 
2331 
2364 
2408 
2454 
2139 

2216 
2303 
2359 
2384 
2413 
2451 

1876 
1979 
2276 
2324 
2362 

1965 
2089 
2350 
2401 
2429 

1929 
2178 
2307 

.2357 
2393 
2400 ' 
2445 

1233 
1309 
1377 
1510 
1540 

1156 
1286 
1371 
1483 
1212 

1293 
1364 
1504 
1524 

1833 
1908 
1975 
2021 
2056 
2088 
1763 

1827 
1884 
1948 
1975 
1998 
2023 

1562 
1689 
1914 
1980 
2032 

1670 
1792 
2001 
2046 
2065 

1601 
1794 
1884 
1941 
1965 
1993 
2021 

1699 
1821 
1991 
2037 
2061 
2067 
2081 

1050 
1121 
1187 
1266 
1288 

973 
1101 
1177 
1254 
1028 

1508 
1172 
1261 
1284 

- 
1.73 
1.73 
1.73 
1.72 
1.72 
1.73 
1.64 

1.64 
1.65 
1.65 
1.64 
1.64 
1.63 

1.54 
1.54 
1.54 
1.54 
1.54 

1.72 
1.73 
1.73 
1.73 
1.73 

1.61 
1.65 
1.65 
1.65 
1.64 
1 .65  
1.64 

1.72 
1.73 
1 .73  
1.69 
1.72 
1 -73  

1.7'3 

1.08 
1.08 
1.08 
1.08 
1.08 

:96 
.96 
.96 
.96 

1.08 

1.08 
1.08 
1.08 
1 .OB - 

.32 1.86 

.53 2.07 

.78 2.32 
1.04 2.58 
1.30 2.64 

, .35 2.07 
.64 2.37 
.95 2.68 

1.21 2.94 
1.40 3.13 

.26 X.87 

.38 2.03 

.69 2.34 

.87 2.52 
1.17 2.81 
1 4 7  2.62 
1.36 '3.W 

1.43 

1.79 

1.58 
1.75 
1.26 

46.37 

44.10 ' .0372 
44.18 .0373 
44.22 .0373 
44.26 .0371 
44.18 .0371 
44.29 .0368 

46.07 .OS34 
46.01 .0334 
46.14 * .0334 
45.99 .0335 
46.07 ,.0334 

46.14,  ,0373 
46.03 .0376 
46.14 .0375 
46.01 .0376 

$46.03 ' ,0576 

44.08 .0385 
44.08 .0374 
43.92 ' .0376 
44.19 .0313 
43.85 ' .0374 
43.96 .0375 
44.27 .0370 

28.79 .0333 
28-80 .0333 
28.81 .0333 
28.76 .0334 
28.76 .0376 

28.79 .0375 
28.78 .0375 
28.79 .0375 
28.83 I .0375 

0.0073 
..0116 
.OW6 
.0216 
.0256 
,0306 
.0063 

.OlM 

.0152 
, .0201 

.0226 

.0265 

.0305 

.0189 

.0226 

.0282 

, 0076 
.0139 
.0206 
.026$ 
.0304 

. w 5 9  

.BO86 

.0157 

.0197 . .0267 

.0266 

.0307 

.0078 

.0138 

.0266 

.030? 

0.0066 
.0121 
.0183 
.0246 

.0069 

.0142 

.0275 

.0063 

,0302 

I '  

1. . .  . , .  

* .  

' I , 



OF SEVERAL'ENGINE CONFIGURATIONS 

Pllighp Mach number, 2.35 
Over-all Diffuser Diffuser Engine Combustor EXhaust- Combuetlon Net thrust Combustor MfNaer' Rul 
fuel-wir outlet total? total- total- gas total efticiency. coeiPicient, r-ka operatine 

Wf/wa,+ number, recovery, ratio, 
ratio, Mach pressure pressure pressure temperature, %,n point* VC 

M2 P2/Po Pg/Po $;E* , 

fuel inlection 

m e 1  injection 

.0476 .307 
A525 .300 
.0574 .281 
.0597 .275 
.0636 .269 
.0673 .264 

.0403 .327 

.0449 .307 

.0503 .290 

.0561 ,264 

.0616 .256 

.0449 .311 

.0515 .304' 

.0581 .263 

.0639 .250 

.0680 .241 

.0424 .322 

.0460 .313 

.OS33 .297 

.0570 .282 

.0641 .264 

.0641 .266 

.0677 .261 

.676 .557 

.701 .574 

.718 .593 

.725 .601 

.735 .608 

.745 .615 

.573 A83 

.604 .516 
-694 .563 
.711 .606 
.721 ,620 

S 9 9  ' 509 
.639 ' :548 
.716 .610 
.733 .625 
.743 .631 

S 8 6  . .487 
.662 .545 
.7M .SI5 
.7l+ .588 
.729 , .605 
.730 .607 
a741 f .612 

I 

2325 
.818 
.e26 
.828 
.828 
.825 

.e43 

.841 

.852 

.e60 

.e50 

.658 

.851 

.a52 

.650 

.630 

.624 

.817 

.a24 

.830 

.e30 

.827 

454 

3231 
3455 
3659 
3776 
3853 
3910 
3268 

3515 
3677 
3873 
3946 
4008 
4040 

2471 
2777 

3714 
3833 

8707 
3070 
374s 
3859 
3886 

2146 
3412 
3710 
3853 
4007 
4021 
4027 

,3498 

.951 ' 

.944 
.958 
.965 
.964 
.964 

.689 

.743 

.924 

.932 

,716 
.768 
.927 
.930 
,929 

.933 ' 

. .745 
.939 
.944 
.9M 
.960 
,966 
.958 

.742 

.931 

.797 

.939 

* 944 
.S41 
.938 

_. 
1 
8 
9 

.967, 

.996 

.674 

.745 
,796 
,858 
.884 
.so9 
.929 , 

.510 NO sweech 

.614 NO $creech 

Ai!; , S c r r h  
.950 ! 

.718 NO screech 

.917 

.986 ~ 

.521 ' NO screech 

.709 ' Screech 

.BO4 \ 

.a46 , 

.so0 

.SO7 

.924 

.594 t ' Nwscseech 

.616 No screeoh 

.737 NO screech 

.so9 Screech 

.949 

.978 
..977 
.994 

.945 

.490 NO screech 
A90 
.808 
.934 . Screech 
S76 No acreech 

,697 
.eo2 
.943 Screech 
,979 Screech 

+ 
I '  

upercritical 

2 .  

Y 
critical 
Suboritical 

upercritical 

.6  
Critical 
critical 

uperc itical c 

upercritic.1 

1 .  . .  
Subcritical 
upercritiaal 

1 
Subcr Subcritlgal ! tical 

- 
- 
10 
11 
12 
13 
14 
15 
16 

17 
18 
19 
20 
21 
22 

23 
24 
25 
26 
21 

28 
29 
30 
31 
32 

33 
34 
35 
36 
37 
38 
39 

40 
41 
42 
13 
(4 
45 
b8 

b l  
4 8  
t9 
50 
51 

52 
53 
54 
55 
56 

57 
58 
59 
60 

1 

- 



TaBLE I. - Concluded. P E R F O W C E  

( J )  Concluded. Isen iroplc Inlet; iroplc Inlet; - 
Free- 

stream 
total 

temper- 
ature, 

OR - 

Diffuser 
outlet 
total 

pressure, 

lb 
sq i t  abs 

p2 1 

Free- 
stream 
total 

pressure. 

l b  
PO* 

aq f t  abs 

- 
61  
62 
63 
64 
65 
66 

67 
68 
69 
70 
71 
72 

73 
74 
75 
76 
77 

78 
79 
80 
81 
82 

83 
84 
85 
86 
87 
88 

89 
90 
91 
92 
93 
94 

95 
96 
97 
98 
99 

100 
LO1 
102 
103 
104 
105 

106 
LO7 
108 
109 
110 
111 

112 
113 
114 
115 
116 

- 

- 

-p- 742 

- 
2.35 
2.60 
2.88 
3.13 
3.40 
3.53 

2.36 
2.66 
2.92 
3.13- 
3.37 
3.6L 

2.37 
2.62 
2.87 
3.12 
3.32 

2.35 
2.62 
2.87 
3.10 
3.34 

2.36 
2.62 
2.88 
3.13 
3.40 
3.57 

2.31 
2.58 
2.77 
3.08 
3.38 
3.60 

2.27 
2.61 
2.B4 
3.06 
3.27 

2.19 
2.45 
2.71 
2.97, 
3.24 
3.12 

3267 
3274 
3266 
3273 
3286 
3292 

3299 
3302 
3283 
3291 
3278 
3279 

3273 
3277 
3282 
3277 
3268 

3279 
3278 
3291 
3286 
3280 

_-__ ---- ---- ---- 
3279 
3276 ' 3262 
3277 
3273 
3286 
3290 
3290 

3272 
3288 
3287 
3296 
3290 

2313 
2353 
2370 
2439 
2495 
2503 

1931 
2002 

~ 2039 
2079 
2103 

, 2092 

0 

d 
4 

V 
-4 

B 

i 
-I 

46.18 
46.33 
16.22 
46.33 
46.37 

, 46.49 

44.37 
44.41 
44.14 
44.26 
44.06 
44.10 

46.03 
46.01 
46.14 
46.07 
45.95 

43.88 
43.88 
44.08 
44 .OO 
43.92 

----- --_-_ ----- 
--e-- 

46.22 
46.19 

43.77 
43.96 
43.92 

44.15 
$44.15 

43.29 
43.46 
43.48 
43.59 
43.52 

43.69 
43.61 

43.57 
43.57 
43.61 

i 44.06 

43.50 

2326 
2355 
2414 
2455 
2481 
2479 

2307 
2334 
2364 
2424 
2451 

1903 
1971 
2004 
2027 
2046 
2036 

1924 
1986 
2033 
2065 
2071 

1883 
1940 
1979 
2007 
2011 

1934 
2006 
204 6 
2083 
2087 
2086 

1873 
1936 
1973 
2010 
2041 
2037 

1841 

1954 

1994 

1838 
1891 
1936 
1972 
1992 
1996 

1904 I 

, 1989 

81 7 
817 
817 
818 
818 
818 

740 
741 
74 1 
741 
741 

817 
81 7 
816 
816 
816 

739 
739 
739 
739 
741 
741 

818 
818 
817 
817 
817 
817 

813 
813 

813 
812 

814 

2274 
2297 
2346 
2409 
2429 

2265 
2304 
2343 
2410 
2453 , 
2461 

2187 
2238 
2292 
2340 
2375 

2251 
2302 
2346 
2379 
2439 
2421 

2033 
2044 
2044 
2046 
2045 
2039 

1473 
1462 
1489 
1507 
3521 
1395 * 

1.99 
1.56 
1.71 
1 .E4 
1.97 
1.56 

1.83 

1.98 
1.75 
1.75 

2.09 

- 

27.38 
28.77 

C8.80 
28.82 
27.33 

?8. 77 

1250 
1206 
1240 
1262 
1267 
1174 

1223 
1243 
1246 
1189 
1215 

815 

821 
812 
817 
820 

-7 813 

1442 
1469 
1471 
1408 
1427 

27.31 ' 
27.49 
27.31 
26.89 
27.20 
7 

2045 
2048 
2035 
2042 
2041 



Co!nbustion N e t  thrust 
eff ic iency,  ccerficient, 

nC a %,n 

Combustor Difiuasr 
remark8 operat ing 

po in t  

0.591 
-612 
.624 
.635 
.640 
.636 

0.615 
.590 
.a37 
.617 
.620 
.576 

.598 

.607 
,612 
.562 
.595 

0.835 
.E51 
,860 
,852 
.843 
.E36 

0.849 
,825 
.e33 
.637 
.833 
-842 

.E48 

.e46 

.a47 

.a45 
-851 

.a a. 
e .  a a .  
e o  

22 c 

OF SEVERAL ENGINE CONFIGURATIONS 

' Plfght Mach number, 2.35 - 
Run 

- 
- 
63 
6: 
62 
64 
65 
66 

61 
68 
69 
70 
71 
72 

73 
74 
75 
76 
77 

78 
79 
'60 
81 
82 

83 
84 
85 
86 
87 
88 

89 
90 
91 
92 
93 
94 

95 
$6 
97 
98 
99 

LOO 
LO1 
Id2 
LO3 
LM 
LO5 

LO6 
LO7 
LO8 
LO9 
110 
111 

112 
113 
114 
!15 
!16 

- 

- 

Over-all 
fue l - a i r  

r a t i o ,  
+a, 5 r Diffuser  

outlet 
Uach 

number, 
s m2 

D i i f u s e r  
1 total- 
pressure 
recovery, 

P d P O  

I I I 
Puel i n j e c t i o n  

0.0509 
.OS61 
.0623 
.0676 
.0733 
.0759 

.0532 

.0599 

.OW2 

.0707 

.0765 

.OB21 

.0515 

.0569 

.0622 

.0677 

.0723 

.0536 

.0597 
a 6 5 1  
.0705 
.0760 

---_-_ _--_-- 
----e- ------ 

.0736 

.0713 

.0528 

.OW7 

.0631 

.0699 

.0766 

.0815 

.0524 

.06W 

.0653 

.0702 

.0751 

.0501 

.0562 

.0623 

.0682 

.0744 

.0784 

0.290 
.271 
.244 
.252 
.257 
.265 

3550 
3734 
3829 
3698 
3899 
3799 

0.852 
.918 
,959 
.994 

1.009 
.995 

Supe rc r i t i ca l  0.708 
.719 
.726 
.745 
.759 
.760 

.705 

.713 

.735 

.746 
,757 
.756 

.705 

.712 

.720 

.740 

.750 

.694 

.701 

.713 

.733 

.471 

----- ----- ----- ----- 
,755 
* 754 

.694 

.703 

.716 

.733 

.746 

.748 

.668 

.661 
,697 
.710. 
.722 

h685 
.701 
-716 
.725 
.743 
.738 

0.933 
.938 
.927 
.934 

* .935 
.911 

1 
C r i t i c a l  

S u b c r i t i c a l  

.577 

.597 

.610 

.616 

.624 

.621 

.588 

.606 

.619 

.630 

.634 

.574 

.592 

.601 

.611 

.613 

----- ----- ----- ----- 
.637 
.637 

.574 

.591 

.603 

.612 

.620 
I ,619 

.563 

.579 

.595 

.6M 

.606 

.559 

.576 

.591 

.601 
,607 
.608 

.818 

.837 

.e30 
,826 
.825 
.621 

.e34 

.851 

.E60 

.852 

.e45 

.828 

.a45 

.a44 
3 3 3  
.828 

----- ----- ----- _---- 
.a43 
.844 

.627 

.820 

.842 

.e34 

.a32 

.828 

,842 
.E51 
.e53 
.850 
.e40 

.817 

-825 
.E29 
.817 
-825 

.a22 

.944 

.950 

.955 

.953 

.972 

.952 

.923 

.924 

.92f 

.930 

.923 

.943 

.942 

.936 

.942 

.937 

----- ----- _-___ ----- 
.924 
.916 

.947 

.942 

.950 
" .948 

.960 

.952 

.936 

.915 

.936 

.947 

* 944 
.932 
.934 
.937 
.938 
.933 

.942 

.300 

.270 

.270 

.260 

.255 

.259 

.289 

.257 

.249 

.240 

.236 

.307 

.277 
.259 
.268 
.257 

__--- ----- ----- ----- 
.242 
.247 

.299 
,285 
,274 
,273 
,261 
.260 

.607 

.872 
I .915 

,933 
.959 
.945 

S u p e r c r i t i c a l  
I 
# 

Cr i t i c* l  
S u b c r i t i c a l  

Super ri tical 

S u b c r i t i c a l  C r i t i c a l  
3 3539 

3712 
3819 
3888 
3864 

.846 

.SO4 I 

.948 

.982 

.993 ' 

.a03 
,859 
.E89 
,920 
.927 

S t lpe rc r i t i ca l  

Crltical 
Subc r i t i qa l  

1 

* -  

a 
I 

3711 
3873 
3930 
3970 
3933 

---- ---- ---- ---- 
3859 
3799 

3700 
3856 
3959 
3992 
3996 
3904 

Superc r i t i ca l  

I 
Ori t ic t r l  

Subc r i t i ca l  

_---- 
e---- ----- 
-e--- 

1.000 
1.001 

.a01 

.854 

.a92 

.921 : 

.949 a 
,945 

S u p e r c r i t i c a l  

I 
Critical 

Subc r i t i ca l  

.301 

.251 

.260 

.272 

.272 

3657 
3793 
3935 6 

3990 
,3951 

S u p e r c r i t i c a l  
Supepcri tical 

Critical 
S u b c r i t i c a l  
S u b c r i t i c a l  

.777 

.E29 

.679 % 

.so7 

.915 

.76C 

.e15 
I .863 

.a95 

.914 

.917 

S u p e r c r i t i c a l  

1 ,  
.317 
.302 
-283 
.272 

.261 

0.284 
.254 
.239 
.229 
.226 
.308 

.292 

.278 

.296 

.303 

.315 

.2a7 

- 

3599 
3760 
3896 
3955 
3944 
3889 

3959 
3537 

' 3683 
3756 
3731 , 3682 

3884 
3832 
3956 
3812 
3899 

0.0727 
.0542 
.0594 
.0639 
.0684 
. a 7 1  

.06 70 

.0760 

.0725 
,0651 
.0643 - 

0.728 
.715 
.729 
.737 
.744 
.684 

.705 

.723 
,690 
.699 

.7i7 

- 

0.940 
.691 
.898 
.a99 
.684' I 

.so0 

.916 

.so9 

.938 

.e99 

.928 

0.930 
.653 
.SO7 
.940 
.948 
.E07 

.879 

.SO8 

.923 
340 
.a76 

C r i t i c a l  

Supe rc r i t i ca l  subcrrl 
, a  1 
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(b) Isentropic inlet. 

Three-quarter view of inlet of, XRJ43-b%-3 ram- jet  engine, 

4 , I .  
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A to B - No screech 
B to C - Transition screech 
C ,to B .. Screech 
I> to E - Screech 
E to F * -  Transition out of screech 
F t o  A - No screech 

C 

.. . 

I 

A '  

Fuel-air rat io ,  wf/wa, 
. . .  

* .  

Figure 11. - Schematic plot showing *effect  'of combustor screech on co~ibuetor ', ' 
pressure l e v e l ,  
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-ne fuel-air ratio, "*/tia,? 

$Figure 12. - Effect of yaw, variatgon of inlet and exit areas,. and diffuser rotation.on 
engine performance. Altitude, 60,oOO feet; nominal. inlet-air temperature, 736' R (MCD)j 
dual-pressure fuel injection; nominal inner-ring fuel-air ratio, 0.037; angle of attack, 

, 

1 .  

00 



Standard engins ' 
+2O YbU 
-20 Yaw 
0.719 bi% 
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45' pifmer rot*tion 
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flow was increased 
Rich blow-out s&ion 
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. I  

,046 .ON .054 .058 .062. .066 ,070 
-ne fuel-air ratio, wf/ua,5 

Figure 12. - Concluded. Effect of yaw, variation of inlet and exit are-, and diffuser 
rotation on engine performance. 
7360 R (ED); dual-pressure fuel injection) nominal inner-rlng fuel-air ratio, 0.1337; 
angle of attack, 00. 

Alt'itude, 60,000 feet1 nominal inlet-air temperature, 
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(a) Single-presgure fuel8 injection; altitude, 50.000 feet; hqmlnal inlet-air tem- 
perature, 816 R (W).  I 

Figure 13. - Effect of yanr variation of inlet  and e x i t  areas, and diffuser Po- 
tation on the engine rich blow-out l i m i t s .  
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(b) Blngle-prgspre~ fuel lnject$on* altitude. 50,000 feet; nomiha1 tnlet-air tern-. . 
:, * ' peratura, 740 R (MCD). 

Flguae 13. - Continued. Effect of yaw, variBtlon QP Inlet ana -It areas; ma. * ' 

dlffuser rotation on the engine rlch blow-et limits. ( +  0 . 
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( c )  Dual-presslure fuel injection; nominal inner-ring fuel-air  rat io ,  0.0371 al t i tude ,  

Figure 13. - Concluded. 

60,000 feet; nominal in le t -a ir  temperature,, 736' R (WCD). 

diffuser rotation on the engine rich blow-out limits. 
Fffect of yaw, variation of inlet .and e x i t  areaa. and ,- 
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(a) Altitude, W,OOO feetf nominal inlet-air temperature, 740' R (MCD) j 

Figure 14. - Comparison of the performame of four step-flameholder 

. I  Engine fuel-air ratio, wf/wa,5 

dual-pressure fuel injection; angle of attack, +4O. 4 

configurations. 
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Figure 14. - Continued. 
. flameholder configurations. 1 
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(c) Conclhded. Altitude, 60,OOO feet) nominal inlet-air temperature, 740' R (WD); 
awl-preksure fuel injection; angle of attack, 6. , '  

, .  
Figure 14. - Concluded. Comparleon of the perforavrnce of four etep-flameboldes ' 

configurations. - 
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F i g w e  15. - Comparison of the rich blow-out limit8 with Pour step flameholderd. -1- , 
' p r e p r e  f'uel Injection; altitude, 50,00O.>feef; nomina81 lnlet+alr,te,mperature,l , I  I 

' * I  , ,  
3 .  

740 R (MCD). 
I 



2 75' 



Figure 11. - Coaparieon of the performance of the standard engiae, etep-flameholder DI 
and isentrbpic coniigurationa. - 
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(a) Continued. Dqal-pressure fuel injection; alti$u&, ~ o O o O  'feetj 'no114nal . 

Figure 17 .  - Continued. 

inlet-air temperalure, 740' R (MCD); .angle of attack, 0 . . I, 
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Comparison of the performance of the &andard 
engine, step-flameholder D, and isentropic con#'igurstions. '. 
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